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TIIK CIIEMrCAL COMrOSITION OF THE BODY 

Out of tlio oiglity odd oleoKMils whudi avo now known only iiTelartivoly 
Hinall niunhor arc iound in the hodioH of the higher aninuil^- Of 
tlieso tlie most important are: — caihon, nitroj^eii, oxygen, hydrogen, 
snl[>hur, phospliorns, sodium, potassium, eahuiim, magnosium, iron, 
e.hlorine, iodine, with traces normally of (luorine and occfisionally 
of mangaiT^se, eoppm', kxid, and silver. Of those, only throe are 
found in the free state, viz,, in the blood nitrogen and to a less 
extent oxygen, in the intestine traces of hydrogen resulting from 
fermentative ])rocesses. With these exceptions the ehnnents are 
})rcsent in combinations as chemical compounds of various types 
which can he grou})ed into — 

(1) Organic compounds, ic those (containing carlion. 

(2) InorgaiiKi, 'i e all tlio rest. 

The naturally occurring organic, compounds are groiqiod into 
carbohydrates, proteins, fats, the sterols — and other unclassdied 
subslaiKces 

Caiiboiiydkates. 

The Car bohydrates are found chielly in vegetable tissues, and 
many ofthein form important foods. Some carbohydrates are, how- 
ever, found in or formed by the animal orgainsm. Among the more 
important carbohydrates are glucose, fructose, and lactose. 

Cheinically the sugars are related to the alcohols. 

A primary alcohol is one in which tlie hydroxyl group (OH) and 
two hydrogen atoms are attached to the same carbon atom ; it there- 
fore contains the group — CH 2 OH. Thus the formula for common 
alcohol (ethyl alcohol) is OHg.ClIgOlf. 

The next alcohol of the same series (primary propyl alcohol) has 
the formula, 0113 . 011 , OJLOH. 

If a primary alcohol is oxidised, the first oxidation product is 
called an aldehyde; thus ethyl alcohol yields acetaldehyde: — 
CH3.CH2OH + O = CH3.CHO + HgO. 

[Ethyl alcohol ] [Acctaldnhydo ] 

The typical group — OHO of the aldehyde is not stable, but is 
easily oxidisable to form the group’ — COOH (carboxyl), ai^d the 
297 . K 2 
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coinpouiid HO forined is an acid , Jii tliis way a,cetaldcli}^le forms 
acetic ac-id 

ddic majoi'ity of Himjd(^ sui;ais a,i(! oxidation ])fodiic,ts of more 
comjdex alcoliols than this 'I’lmsii with a,hl(diy<lc. jj,ro\i])S ar('. calh*<l 
(di/osGs. d'Jic readiness wdli wJihdi aldeliydes arc oxidisahlo renders 
tliem powerful reducing a< 4 ents, and tins furnisluxs ns witli some of 
tlio ti'sts hir tlie snu^ars 

Some of the sugars (ketoses) are oxidation products of alcohols 
containing secondary alcohol groups. The only ketose whudi is of 
pliysiologK-al interest is fructose 

A secondary aJcohol is one in whudi the hydroxyl group and 
only one hydrogen atom are attached to the same carbon atom, thus 
Hccondary propyl alcohol has the formuki CTIj. OltOir. Old 5 . Its 
typical group is therefore =^=011011. AVJien this is oxidised, the (list 
oxidation product is a ketone, thus* — 2 Cir.j OROII . OII.j + 0 , 
= 20113 . 00 . CIlj 4 - The oxidation product is acetone. 

The ah'ohols of which we have already spoken, c tj. ethyl alcohol 
(see aliove) a, re called inonohydrir, because they contain only one 
011 group. The sugars of pliysiological interest are derivaid fivuii 
three hexahydric alcohols whudi contain six Oil groups as indicatisl 
below. Those alcohols, sorbitol, mannitol, and dulcitol are isoinerides 
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Sug.irs are known lo elieimsts, in which the number of e.irbon .itoins is 3, 4, 5, 
eke. Cerlain micleie -leuls confain a pentose (a carbon .itoinsj 

Thimoxt nii|)(»i tanl ^jou]) of suL,^a,is is tlu; disaccliarides, foiiiuid 
l»y the eoiidt'ii.satioii of two iiioiiosac(diarid(‘S, w d h the loss of oiu^ mole- 
eide of waU'L': — ^ ^ V, + ,I I ,/)^j + IF/). If iiioie 

tliaii two nionosacadiaa ide luohioiiles iiiideroo a, ooi rcspoiidini^ (‘oiideii- 
satioii, we polysaccharides* — /?-( 

The chief iiieiuberH of the three j^roups iiiaw he arranged in talailar 
form aa follows * — 


Moiios.K tliarnli's, 

‘J Pis‘ir( li.ii I'll s, 

:5 r<ih s.u chcUKii 


C, H 


1 Glucose. 

i Sucrose 

' Sl.ireh 

Fructose 

1 L.ietose. 

! GlNcogeii 

-i Galactose 

! Maltose 

i Dextrin 



Inulin 



(.'ellulose. 


Tliu + and — signs in the al)o\e list indicate lli.it the substances 
to winch they are pielixed are dextio- and iievo-rolatory respectively 
as regards polarised light. The formuhe given in the table are 
inm-ely empirical, the quantity v in the starch group is hirge 

The Polarimeter. 

'I'liis instrunuait is one by inc.ins of whicli the acUion of various substances on 
the plane of jiolariscd h^ht can be obstowcMl and measured. Most of the carbo- 
hydrat(*s are dexlro-rotatoiy. 'The proteins aie l.evo-rotatory 

'riu;re arc many v.irieties of tiu' instrument ; tlu-se can be jiropcrly studied only in 
tile laboratory, but brietly the pruicipN'S on which they ar(' constructed may be given. 

Siii)pos(‘ one is shooting arrows at a huice made up of narrow vertical palings ; 
suppose <dso that the arrow^s are Hat like the l.iths of a Venetian blind. If the 
arrows are shot vertically they will jiass (sisily thiough the gaps between the 
jialings, but if they are shot hori/ontally they wall be unable to pass through at 
all. This rough illustr.ition wall lud}) us in understamlmg what is meant by polaiistal 
light. Ordinary light is produced by the undulations of the ether occurring in all 
directions at right angles to the path of jirojiagation of the w’ave Polarised light 
IS produced by undulations in one jilam* only 

In a polarimeter, there is .it one taid of the instrunuait a Nicol’s piisiii, which 
is m.ade of Iceland spar. I'liis pol, irises the light whudi jiasses through it ; it is 
called the polariser. At the other end of the instrument is another called the 
analyser. Between the two is a tube which c.iri be filled with Hind. If the analyser 
is parallel to the polariser the light will pass through to the cyi' of the obsi rver. 
But if the analyser is at right angles to the polariser it is like the Hat arrows hitting 
horizontally the vertical palings of the fence, and there is darkness. At inter- 
mediate angles there will be intermediate degrees of illumination. 

If the analyser and polariser are parallel and the intermediate tube filled with 
water, the light will pass as usual, because water has no action on the jilane of 
polarised liglit. But if the watej^ contains .sugar or some “ oiitieally active” 
substance in solution, the plane is twisted in one direction or the other according as 
the substance is dextro- or hevo-rotatory and illumination is reduced. The amount 
of rotation is measured by the iiuniber of angles through which the analyser has to 
be turned in order to obtain the full illunimation. This will vary with the length 
of the tube and the strength of the solution. 
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Glucose (Dextrose, or Grape Sugar). This subsOmce lias been 
(It'Sci'ibad as “ Ilia (‘in riMil, (‘ai’boli ydnito (*(»iii <»f tbii 1 k)( 1 \ 1 1 is found 

HI iihtii> friiils, li(»ii(\\, ;md in iiiiiiuto (pi.nit.itK's hi all tissue's and 
lliiids of tli(‘, body It is t-lio form of sunar found hi largo ([uantities 
111 tlu^ blood and urine in tlie distMse known as didbctcs 'Jiicllitus. 

(tIucoso is soluble in liot and cold water and in alcohol it is 
crystalline, but not so sweet as c,ane-siigar. AVlimi luxited with strong 
alkalis certain complex substances are formed which have a yellow 
or brown colour. This constitutes Jifoords test for sugar. In alkaline 
solutions glucose reduces salts of silv(?r, bismuth, mercury, and copper. 

On warming a solution of glucose wilh an alkaline solution of 
])i(‘ri(i acid, a dark red o])a(pie solution due to tlii^ r(‘du(‘daon of picric 
acid to pieraniKi acid is ]uodu(*(‘d 

Anoth(*r iin[)ortant tirojxuty of ghu'ose is that under the iidliieiKie 
of } easts it IS converted into (‘I hyl alcohol and carbonic acid 

Olucose may be estimated by the fernumtation test, by the 
polarinieter, and by the use ((f ihhling’s or similar solutions (see 
dial)(dic 111 me) (See Urine) 

Fructose (or L80vulose).~-Wh('n cane-sugar is tnxited with 
dilute miTKU’al ai-ids it undergoes a ])roc(‘ss known as hydrolysis — 
i e , it takes ii}) w.iter and is conveiknl into eijiial parts of glucose 
and fructose The ])re\iously dexlro-rota,tory solution of cane-sugar 
then btaioiiH^s bevo-iotatory, tlu^ hevo-rotat.ory ])ower of the fructosi^ 
being greater than the dextio-iotatory power of the glucose foimed 
Hence the tiuin hircrsion ap])lied to this hydrolysis. The same 
hydrolytic change is produced by certain enzymes, such as the 
iiivertase of the intest.inal juice and of yeast. Ihire fructose can 
be crystallised with ditliculty It gives many of the imctions of 
glucose, but may bo identilied by its hevo-rotation, and certain 
chemical tests 

Galactose is formed by tlu^ aid-ion of dilute mineral acids or of 
hydrolytic enzymes on lactose. It resembles glucose in its action 
on polarised light., in K'ducing cipnac salts, and in being dinadiy 
feriiientalile witli some yeasts When oxidised b)^ means of nitric 
acid it yields an amd, viucic ((rid, which is only slightly soluble 
111 waiter. Glucose, when treated in this way, yields an isomeric 
acid — ie, an acid with the same em})irical formula, Sdirhiric (irvl, 
which is v<'ry soluble in water. 

Cane-Sugar (or Sucrose) is generally distributed in the 
\('getable kingdom, but ('specially in the juices of the sugar cane, 
beetroot, mallow, and sggar maple It is a siibstaaicc of great 
importance as a food. It nndm’goes inversion in the alimentary 
canal Ft is crystalline, and dextio-rotatory. With Troinmer’s test 
it gives a blue solution, but no reduction occurs in boiling, because 
in the union of its two constituent sugars, their aldehydic and 



CII. XX.] 


TIIK CAKR0IIYT)KATE8 


301 


ketonic groups aro no longer functionally active. After liy<lrolysis 
the products are strongly reducing. Hydrolysis in.iy he accomplished 
hy ])oiling with dilute minerad acids, or hy means of en/ym<\s siadi 
as those occurring in the intestinal juice. Jt thmi takes ii}) water, 
and is split into eqiiimolecular proportions of glucose and fructose 
+ ir/3 With yeast, cane-sugar is 

first inverted hy moans of a special enzyme inir.riixse secreted liy 
the yeast cells, and then there is an ahuiludic fei mentation of the 
monosaccharides so formed, whhdi is acconijilishcd hy anotlu'r (uizyme 
called zj/masc. 

Lactose (or Milk Sugar) occurs in milk. It is occasionally 
found in the urine of wommi in the eaily days of lactation, or aftt'-r 
weaning. It is (wystal lisa hie, dextio-rotalorv, mmdi less soluhh' in 
water than other sugars, and has only a slightly swi^et- taste It 


Oluoos i/oiu' M 

.10 11 1. 

gives rc'dmd-ion tests, hut when t.he 1 educing pow'cr is tested 
quantitatively hy hehling’s solution it is found to he a, less 
})owerful rc'ducing agent than glucose, in the i)roportion of 7 to 10. 
When hydrolysed by agmicii'.s similar to those nientioniMl in connec- 
tion witli sucrose, it takes uj) w'ater and yields glucose and galactose 
With yt'ast it is lirst hydrolyseil, and then alcohol is foriiKMl, the 
change, howev(u*, occurs nuudi more slowly. 

The lactic acid fermentation which occurs when milk turns sour 
IS brought about ]>y certain micro-organisms, which are somewhat 
similar to yeast cells ilactm-ia in the intestine liring about thii 
same result. 

Maltose (or Malt Sugar) is the chief mul-producT of the action 
of malt diastase on starch, and is also formed as an intermediate 
product in the action of dilute acid on the same' substance. It is the 
only sugar formed from starch by the diastatic enzymes contained in 
the saliva and pancreatic, juice. It (am be obtained in the form of 
acicular crystals, and is strongly dextro-rotatory. It gives reduction 
tests; but its reducing power, as measured by Fehlmg’s solution, is 
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one-tliird less than that of i^liicoso lly proloiij^^ed l)oi]ing ‘with 
water, or, more rea,ddy, by l)oiliiig witli a dilute mineral acid, or by 
means of a hydrolytic enzyme su{*b as o(*enrs in the intestinal juice', 
it IS converted into ghuiose. 

Reaction with Phenylhydrazine. — The three important 
reducing sugars witJi wffieh we have to deal in ])liysiology are 
glucose, lactose, and maltose They may he distinguish(Hl by their 
relative reducing po^rs on Kehling’s solution, or by the characters 
of their osazones. Wudie osazone is formed in each case by adiling 
])henylhydrazine hydrochloride and sodium acetate, and boiling 
the mixture for a.bout half an hour. In (wdi case the osazone is 
deposited in the form of bright canary coloured, needle-like crystals, 
usually in bundles, which diH(‘r m their ciystalline form, mclting- 
[»oint, and solubilities (iig 144) ( )ine-sugar doi^s not yield an osazone. 

Polysaccharides — 'Fhe work of Irvine has shown that the 
constilutioTi of the polysaccharides is simpler than was formerly 
considered. Without entering into chcmi(*;il details he has demoiw 
strated that staich, glycogen, and cellulose have as their csscnti((l 
a condensation prc'duct of one molecule of glue,ose <aaid one 
mohuude of a disacclriride, e(f maltose or cellobiose The gnanner 
of linking is ditlcrt'nt in the three carbohydrates Inulin (the 
polysacchari(l(i of artichokes and dahlia bulbs) is formed by con- 
densation of fuud-oso moh'cules. 


Starch is widely dilfused through the vegetable kingdom. It 
occurs in nature in the form of microscopic grains, varying in size and 



appeaaance, according to their souriio. Each 
consists of more or less concentric! envel()])es of 
starch proper or granulose altei nating with layers 
of cellulose. (J(41ulose has no nutritive value 
111 man, but starch is an imxiortant food 

Star(!h forms a,n opalescent solution in boil- 
ing water, whu4i if comyntrated gelatinises on 


Fin 145 -Crams of potato cooliiig. Jts iiiost clv^tmitcristic I'eactioii is the 


staicli 


blue colour it gives with iodine. On heating 


star(!h with mineral aiiids, glucose is formed. Ey the action of 
diastatic enzymes, maltose is the chief end-product. In both cases 
dextrins are also formed in the })rocess. 

Dextrins are the intermediate jiroducts in the hydrolysis of 
star(!h or glycogen to sugar, and two chief varieties are distinguished : 
eryikro-dextrin, whi(!h gives a reddish-brown colour with iodine, 
and acJiTOO-dextrin, which does not 


The dextrins are ri*adi]y soluble in water, but insoluble in 
alcohol and ether. Tliey are amorjihous, dextro-rotatory, and do 
not ferment directly with yeast. Ey hydrolysing agencies they 
are converted into glucose. 
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Glycogen (or Animal Starch) is found lu livtu’ and innaclo 
Tho KtiiUi of tJu; L;ly('<) 0 (Mi in tli(‘ niUvS('l(j is ddfcveud. fioin that of tlu; 
livor. Tliat in tlui nius(do is not lik<5 that of tin; hv(a’ L;on(U‘ally 
a,vadahl(‘ to tlio body It is also abundant in wliit(3 blood (tovpusch's 
and enibryonic tissm*s. 1dH3 auviculo-vaMitrioular bundl(3 has nion^ 
than tho rost of th(‘ lu'ai t 

(Jlycogeii IS rapidly lu’okcn down to ^lucoso by ^lyco^ronaso wlu3n 
a tissue siudi as liver is removed from the body This is pnnambMl 
liy throwing it at once into Ixuling water to ileslioy the (sizyiiK'. 
VVhen the tissue is ground uj) and extrae-ted th(3 extract after separation 
of the jiroteins is o})aloscent because of the glycogen it contains 

Glycogen is a white, tasteless non-crystalline powder, soluble in 
water, but it forms, like starcJi, an opalescent solution. It is insoluble 
in alcohol and etlier. . It is ilextro-rotatory With co))})or solutions 
it gives no rediicdioii on lioiling. Witli iodine it gives a reddish or 
port-wine colour, very similar to th.it given by orythro-di^xtrin 
iJextnn may be distinguisluMl from gdycogen liy (I) tho fact tliat 
it gives a clear, not an opalescent, solution with water, and (2) it is 
not [irecipilated by ]ia.Ric lead a(*,otate as is glycogmi. Ft is, however, 
precipitated by basic lead acetate and .ammonia. (3) Glycogen is pre- 
cipitated by 55 per cent of alcoliol, th(3 dmxtrins reapure 85 per cent, 
or more. (4) Glycogen is precijutated by saturation with ammonium 
sulphate, erythro-dextrin is only partially precipitable by this means. 

Cellulose — Tins is the matma.al wdiich with utlier earbohydratea 
(lignin, etc ) makes up the cell-walls and woody libres of plants, lly 
t-reatmeht with strong mineral acids it is, like starch, converted 
into glucose, but with much greater dilUcailty. The various digestive 
enzymes have little or no action on cellulose; lienee the necessity of 
boiling starch before it is taken as food. Boiling bursts the cellulose 
envelopes of the starch grains, and so allows the digestive juices to get 
at the starch lu’oper. Cellulose is found in a few animals, as in the 
outer investment of tho Tunieates. Its chief impoiTanco in relation 
to man is that it constitutes the indigestible bulk of the food which 
is important in regard to the movements of the alimentary canal. 

Inositol or Inosite occurs in muscle, also in smaller cpiantities 
in other animal organs (liver, kidney, etc.), and in [ilant-s it is a fairly 
constant constituent of roots and leaves, especially growing leaves. 
It has tho same empirical formula as tho simple sugars (kJ^H^oO^j), 
but it has none of the other properties of those substances. 

The Fats ok Sim pi. e Lip ides. 

Pat is found in small quantities in many animal tissues. It is 
found in large (piantities in three situations, viz., marrow, adipose 
tissue, and mammary gland, especially during lactation. The contents 
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of the fat cells of adipose tissue are fluid during life, the normal 
tnnijHnntuie of llu; body (37° C., or 99° F) being consideraldy above 
tb(i nudting-point (25° 0 ) of the mixture of the fats fouml there 
The (‘,hi( 3 f fats are thre(^ in number, and are called jidhn i/.in, t^leariii, 
and ole.in. d'hey difte.r from one anoth(‘r in (diemical composition 
a-nd in certain physical charac,ters, such as melting-point and 
solubility. Olein melts at — 5°(t, jialmitm at 45° (J , and stearin 
at 53-65° (J. Jt is thus olein which holds the other two dissolved 
at liody tem])erature. Fats are all sobilile in hot ah'.ohol, (dJicr, and 
chloroform, but insoluble in wabu" 

Chemical Constitution of the Pats. — Fats are esters of fatty 
acids with gly{‘(‘rol Thii ac-ids concerned form a senes of a(dds 
(l(‘rived fiom monohydric alcohols liy oxidation Thus, to take 
oidinary ethyl alcohol, 0.40,. OH, the first stage in oxidation is the 
formation of acetahhliydiL OH.j OJIO , on furtlau’ oxidation acadic 
acid, (Jir^.COOH, is produced. 

A sinular acid can be olitained from all tbe oHier alcohols, thus : 

Fjom iiK'Uivl alcohol CH.OH, formic acid li (’OOl I is obtained 
„ (dliyf „ (bHO>n, acclic „ CHj.COOH 

,, propvl ,, CjH7 0 H, propionic ,, CoH., COOll ,, 

„ butyl „ C,H.,.()H, butyric „ Cdb COOH 

„ amyl ,, CbH„ OH, valine „ 0 ,H., COOli 

„ hexyl „ C„H,A)H, caproic „ Cdfji.COOII 

The sixb'cnth acid of this senes, palmitic acid, has the formula 
. (4)0Jl , the eighteenth has tbe formula (3)011, and 

is stearic acid. Note the small amount of oxygen relative to 
the hydrogen and comj^are the ca,rbohydrates. 

Oleic acid, however, is not a member of this series, but belongs 
to a somewhat similar series known as the aeryUc senes. It is the 
cighb'enth nnunber of the series, a, ml its formula is (hrllss- OOCJII. 

The first member of the group of alcohols from which this acrylic scries of 
acids IS obtained is called alhfl alcohol (CH2:CH CH.^OII); the corre.sponding 
aldehyde acrolein (CIL : CH . CIIO) ; the formula for the acid (acrylic acid) is 
CH^ : CII , COOH. It will be noticed that two of the carbon atoms are united by 
a double bond, and these substances are therefore unsuturated ; they are unstable and 
are prone to undergo, by uniting with another element, a conversion into substances 
ill which the carbon atoms are united by only one bond. This accounts for their 
reducing action, and it is owing to this that the colour reactions with osmic acid 
and Sudan III (red coloration) are due. Fat which contains any member of the 
acrylic series, such as oleic acid, blackens osmic acid (OSO4), by reducing it to a 
lower (black) oxide, probably 111 hydrated form. The fats palmitm and stearin 
containing no double bond do not give these reactions. 

Glycerol or Glycerine is a trihydric alcohol, (' 3 Hg( (411)3 — 
hydroxyl grou])s united to a radical glyceryl (C 3 H 5 The hydrogen 
in the hydroxyl groups is replaceable by organic radicals. As an 
example, the radical of acetic acid the acetyl group (CIT 3 . CO — ) may 
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1)0 l/iikon Tlio following foriiiuLo roprost'ni- the dorivn, lives lliat can 
1)0 obtained by r('])lacing one, two. or all three hydrox}'! hydrogen 
atoms in this way ; 

CH..OH CH,.OH CH,.OH CII.>. O. OC. CH, 

1^1 I ' I “ 

( H OH CII. OH CH.O.OC.CH, CH.O.OC.CH, 

(’IC.OH CH, O.OC.CH, CIL.O.OC.CH, CH,.O.OC.CH, 

iGl}o<‘rol 1 [MonoaiNani ] | Diacf tin.] ITnacctin ] 

Tnaeotin is a type of a neutral fat; stearin, ])almitin, and olein 
ought more ])ro])0rly to be called triste<(rin, tTquilmit in, and triolein 
resiiecdively. 

Decomposition Products of the Pats. — Under the iidluence 
of su[)oih(aited st(‘a,m, mineral acids, and in the body by imxans 
of certain enzymes (for instance, the fat-sphtting enzyme lipase 
of the ])ancrcatic juic(‘), a fat combines with water and splits 
into glycxM’ol and tlie fatty acad. The following equation repre- 
sents what occiiis in a fat, taking tripalmitin as an example: — 

CHo.O.OC.CisH,, CH..OH 

I ■ ■ ! “ 

ClI.O.OC.C,,tU 1 3H.OH - CH.OH i 3Ci,,H.,iCO . Oil 

CH,.O.OC.C,,Hji ill,,. OH 

[Tniulmitiii ] [W.itnr 1 10 ly enrol ] [ralniitic acid.] 

In the tirocess of saponification much the same sort of reaction 
occurs, the linal products being glycerol and a compound of the alkali 
used with the fatty acid ; this is called a mip. Siqipose, for instance, 
that potassium hydrate is used, the following reaction occurs : — 

C3H,(0.CY,H3,C0)3 + 3K()H C3H,(0H)3 + 3(\3H3^CO.OK. 

(Tniialiiiitin-a f.vt | [Olycnrol ] ll’olassmni palmitate - 

a soap 1 

Emulsification. — Another change that fats undergo in the body 
is very different from sapoiulication. It is a i)hysical, not a chenii(‘al 
change; the fat is broken up into very small globules such as are 
seen in the natural emvhion — milk. 

The Stehols. 

The sterols with other substances which, like the fats, are soluble 
in ether and alcohol, used to bo included under the general term 
“ li])oid,” but this term has now been given up. 

They are found mixed with fat in the ether-alcohol extract of 
tissues and organs, but are n on-saponifiable. They are specially 
abundant in nervous tissues; they can be separated by what is 
called selective extraction. 
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'Fhe sferola are alcolioln of a liii*!! molecular weight with' a 
complicated ring structure Tlms' 

CH.Cu 

CII; ! ^ i 

' A 1;^ li j 

oil 

The rings are composed of (J, (TI, or (dl^ groups, l)ut is very 
variable 

Amongst the sh'rols arc' now' known to he not only choh'stcrol 
hut c'rgoslcu'ol, (hc! bile acids, vitamin 1), and tlu‘ se\ hormones 

Cholesterol is found in small cpiautitic's in all forms of 
protoplasm. It is a spc^cially abundant constituent of nervous 
tissue's It is found in small cjuantities 
in the hilcg but it m.iy occair there in 
excM'ss and form the concretions known 
as gall-stones It occurs in egg yolk, 
])ork, liver, suprarenal, kidnc'y, in nerve 
tissues a, lid in animal fats generally 
It is a monohydric unsaturated 
ah'.ohol with the emjiirical formula 
Ooylljr, Oil The alcohol belongs to 
the tt'rpeno seri(3s, which are found as 
excretory products of plant life. 

Cholesterol is now believed to be not 
merely a waste product of motaholism, 
hut to ex(3rt an important protective 
inlluence on the body ceils against the 
entrance of certain ]ioisons. One of the poisons eontaineci in cobra 
venom dissolves reel lilood-corpiuscles ; the presence of cholesterol 
in thc^ c'ln elope of the blcjod-corpuscles to some extent hinders this 
action, and it has been stated that the administration of cholesterol 
increases the resistance of the animal provided the unsaturated 
linkage is intact. 

An ester of cdiolesterol is lanolin or wool-fat A similar 
substance is found in the fatty secretion (sebum) of human skin 

From alcohol or ether containing water, cholesterol crystallises 
in the form of rhombic tables, whicli contain one molecule of water 
of crystallisation : these arc easily recognised under the microscope 
(lig. 146) and their ('dges turn red with sulphuric acid. 

Ergosterol. — This sterol derives its name from its having first 
been derived from ergot of rye. It is usually prepared from yeast. 
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Tfc Las tL(‘- saiiK^ sti-iu'tiiro as clioK'sLn’ol, ])ut contains tliri'O 

(loul)lo ])()n(Is and a inctli}d i^roup. It has the extvennoly important 
j>ro]H‘rty of Lcip^ convi'rtcd into vilainiu I) Ly nltra-violot li<,dit. 
This tr.insforniation may ho brought al)out in food-stuffs whoso 
vitamin has Ihmmi d(‘stroy(‘d by lii'a!, and it is lKdi(;v(‘d tliat tbo 
orgostiu'ol of*!!!!' skin is normally activab'd in this wa.y and })a,sscs 
into tbo cironlation wbm’o it pla>'S an imjiortant })art in tbo 
absorption of calcium from the intostino and its dojiosition in tlui 
bon(\s. (Soo vitamin D.) Ergosb'rol bisiamo ridatod to vitamin 1) 
tbrongb its being foiiml by Itosoadioim to h(‘, a-n impurity in cbolostorol, 
wbiob bo studiod with Ila,lliburton in relation to norvo tissui's. 

Thk Lipins on (V)MI’oum) Liiudks. 

Those are substancos liaving tbo general coinjiosilion and 
})roporties of fat, but containing in adibtion pbospboric acid and 
cboliiio or occasionally amino-otbyl aleobob ]\luob tbo most 
iinjiortant of tbeso is Lecithin, wbiob is now emisidorod to bo 
])ossibly a- stage in tbo metabolism of fat llecauso it contains 
})bosj)borus, it lias boon calhal a ]»bos}»hat.ide. It is found in all 
animal and vegetable cidls, and is intimately assomatod with life 
processes Liver and blood contain about 2 per cent.,, but egg yolk 
about 10 })or emit. Locitbiii lias tbo a])])eaianco of a soft fal, 
soluble in the usual fat sohonts but is ]>recipitatod by aeotono. 
ft niakos a slimy (mlloidal emulsion iii water 

Tbo fatty acid radnails are united to glycerol as in an ordinary 
fat, the place of tbo third fatty acid being taken by the radical of 
pbospborii; acid, which in its turn is united in an ostor-liko manner 
to the choline 

Otljer pho'tfjhatiden arc kej)hcilin and sphingorayclin and the galuctoside, 
protagon, widen arc abundant in nerve tissues anrl which differ slightly from 
lecithin. Closely associated are th<* ccrcbr<»suh‘s of the myelin sheaths of nerves, 

Osmic Acid Reaction.— In virtue of their unsaturated fatty acid radic.ils most 
fats arc blackened readily by this reagent, but the galaetosides and cholesterol are 
not. The reaction to this reagent of healthy and degenerated nerve-fibres ha.s 
already been described. 


THE PROTEINS. 

The proteins arc the most important substances wliicli occur 
in animal and vegetable organisms, and protein metaholism is, as 
already noted, the most characteristic sign of life. They are highly 
com])lex compounds of carbon, hydrogen, oxygon, nitrogen, and 
sulphur,'^ with at times phosphorus, occurring in a viscous condition 
or in pseudo-solution in nearly all parts of the body. 

The proteins in the food form the source of the proteins in the 

* The simplest proteins, the protamines, are however free from snlnb^- 
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body tissues, but the latter arti usually different in coin[)osition fl’om 
the former. The food })roteins in the ])roeess of di^^estion are broken 
down into siniphir suhstaiujes, usually called eleavdyc, prod net , and it 
is from these tliat the body cells reconstruct the proteins pecuiliar to 
themselves. 


Classification of Proteins. 


The knowledge of the (diemistry of the })roleins, which is slowly 
proL(ressinL,L will, no doubt, in time enable us to i^ive a classification 
of tliese siibstan(*(is on a strictly chenii(*al basis. The following 
(dassili(iation must be regardiMl as a provisional one, whhdi, while it 
retains the old familiar names as far as })ossiblo, yet attemjits also 
to iiKiorporate some of the new ideas 

The classes of animal proteins, then, b(^ginning with the simplest, 
are as follows : — 


1. Protamines 

2. Tlistom^s. 

3. Albumins 

4. Clobulins 

5. Sclero-proteins 


() Phospho-protcins 
7. (\)njngat(Ml iireUnns 

1 Chromo-pioteins. 
ii. (.Tluco-])roteins. 
iii N’uch'o-proteins. 


There are in addition two important simpb'- probdns in plants, 
(Uiadins and Glutinins. 


1. The Protamines. 

Those substances are obtainable from the heads of the spermatozoa 
of certain fishes, where they occur in combination with niudein. 
Kossel’s view that they are the simplest proteins in nature has met 
with general acc(5[)tance, and tluiy give such typical protein reactions 
as the buired (Pose/s or IMotrowski’s) reaction. On hydrolytic 
decomposition they first yield substances of smaller molecular weight 
analogous to the ]ieptones which are called prolones, and then they 
split up into amino-acids. The number of resulting amino-acids is 
small as compared with other proteins, hence the hypothesis that 
they are simple proteins is confirmed. Notable among their 
decomposition products are the diamino-acids or hexone bases, 
especially arginine. The protamines differ in their composition 
according to their source, and yield these products in different 
proportions. Protamines do not contain sulphur. 

2. The Histones. 

These are su'bstaiices which have been separated from blood- 
corpuscles ; glohin, the protein constituent of hcTiinoglobin, is a well- 
marked instance. They yield a larger number of amino-compounds 



OIL XX.] 


CLASSIFICATION OF PROTEINS 


309 


tliaii do the protjuiiiiios, but diainiiio-acids are stdl relatively 
abundant 'Idiey an^ (toa^i^ulable by li(\it, soluble in dilute acids, and 
pn^cipitahle I'roni su(;b solutions by aiunionia The [)re(upitability 
by anmionia is a [)ro])erty })ossessed by no other protiun group. 

3. The Albumins. 

These are typical proteins, and yield the majority of the cleavage 
products enumerated later. 

Th(‘.y enter into colloidal solution in water, in dilute saline solu- 
tions, and in saturated solutions of sodium chloride and magnesium 
sulphate. They are, however, precipitated by saturating their 
solutions with ammonium sulphate. Their solutions are coagulated 
by luiat, usually at 70-7.‘r 0. Serum albumin, (‘gg albumin, and 
lact-albumin are instances. 

4. The Globulins. 

The globulins give the same general tests as the albumins, they 
are (joagulated by heat, but diifer from the albumins mainly in their 
solubilities. 

(llobulins are more readily salted out than albumins, they 
may therefore bo precipitated, and thus separated from the albumins 
Dy saturation with sucli salts as sodium chloride, or better magnesium 
sulphate, or by half saturation with ammonium sulphate. 

The typical globulins are also insoluble in water, and so may bo 
jireciiiitated by removing the salt which keeps them in solution. 
This may be acjcomplished by dialysis. Their temperature of heat- 
coagulation varies considerably The following are the commoner 
globulins: — fibrinogen and scrum globulin in blood, egg globulin 
ill white of egg, paramyosinogen in muscle, and crystalliii in the 
crystalline lens. We must also include under the same heading 
certain proteins which are the result of coagulation of globulins, 
such as librin (see lUood) and myosin (see Muscle). 

The most striking distinction between globulins and albumins 
is that the former on hydrolysis yield glycine, whereas the albumins 
have only a trace. 

5. The Sclero-proteins. 

These substances form a heterogeneous group of substances 
which were formerly termed albuminoids. The prefix sclero indicates 
the skeletal origin and often insoluble nature of the members of the 
group. The principal proteins under this head are : — 

Collagen, the substance of which the white fibi'os of connective 
tissue are composed. Some observers regard it as the anhydride of 
gelatin. In bone it is often called ossein. 
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Gelatin. — Tins HulhstaiKUi is prodiutoil by boiluif^^ (tollagciii vviUi 
water It possc'ssi^s the peeiiliar pLopiB'ty of setting into a jelly when 
a solution made with hot wat(‘r (jools 

Elastin. — ^This is the subslani'e of wbu'b tb(3 yellow or elastic 
libres of connective tissue are (uinijioscd. It is a veiy insoliiblo 
material. The sarculemma of muvscle-libres and certain basement 
membiaiuis are very similar. 

Keratin, or horny material, is the substance found in the surface 
layers of the epidermis, in hairs, nails, hoofs, and horns Tt is very 
insohiblo, and cliiclly diirers from most other proteins in its high 
percentage of^ulphui’. A similar substa,nce, called ncurol'cratin, is 
found in neni'oglia and nerve-libres. In this conneiition it is interest- 
ing to note that the epidermis and the nervous sysb^m are both 
foriiK'd from the same layer of the embryo^ — the ectoderm. 


6. The Phospho -proteins. 

Vitellin (from egg-yolk), casi^inogcn, the ])rincipal protein of 
milk, and casein, the result of the action of the rennet-enzyme 
on caseinogen (see ]\Iilk), are the chief members of this gioiip. 
Among tlu3ir decomposition products is a considerable quantity of 
phos])lioric aidd. TJiey have been frequently confused with tlie 
nuchio-proteins, but they do not yh^ld the products (purine and 
other bases) whicli are characteristic of nucleo-compounds. 1'ho 
phosphorus is (MUitaincd witliin the protein molecule, and not in 
another molecular grou]) united to the protein, as is the case in the 
niKilco-proteins. The phospho-proteins are specially valuable for the 
growth of young ami embryonic animals. Many other proteins, such 
as serum -globulin, contain traces of phosphorus. 

7. The Conjugated Proteins. 

These are compounds in which the protein molecule is united to 
other organic materials, wlindi are as a rule also of complex nature. 
This secoml, constituent of the compound is usually termed a 
prosthetic group. They may be divided into the following sub- 
classes : — 

i. Chromo-proteins. — These are compounds of protein with a 
pigment, which usually contains iron. They are exeinpliliod by 
lucmoglobin and its allies, which will be fully considered under Blood. 

ii. Gluco-proteins. — 'I'liese are compounds of protein with a 
carbohydrate group. This class includes the mucins and the mucoids. 

The mucins are widely distributed and may occur in epithelial 
cells, or be shed out by these cells (mucus, mucous glands, goblet 
cells). The mucins obtained from different sources are alike in being 
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viscid and tenacious, soluble in dilute alkalis such as lime-water, 
and precipitable from solution by ac-idic acid. 

The ')niiroi(Js differ from the mucins in minor details. The term 
is applied to the mucin-bke substances wliicli form the chief con- 
stituent of the ground substance of connective tissues (tendo-mucoid, 
chondro-niucoi<l, ebi.). Another (ovo-mucoid) is found in white of 
egg, and others (pseudo-mucin and para-mucin) are occasionally found 
in dropsical elfusions, and in tlie iluid of ovarian cysts. 

iii. Nucleo-proteins. — These are compounds of protein with a 
complex organic acad calle<l nucleic acid, which contains })hosphorus. 
They are found in both the nuclei and cell-protoplasm of cells. In 
physical character they often simulate mucin. 

Nudoui IS the name given to tlio chief constituent of cell-nuclei 
It is identical with the chromatin of histologists. 

On decomposition it yields an organic acid called nucleic acid, 
together with a variable hut usually small amount of protein. It 
contains a high percentage (10-11) of pliosphorus 

The nuclein obtained from the nuclei or heads of the spermatozoa 
consists of nucleic acid without any protein admixture, but there 
are differences in different animals in the e.hemical (‘omposition of 
their spermatozoa. 

The n'Ucleo~2^rotcins of cell j)'>'ot 02 )lasni are compounds of nucleic 
acid with a much larger quantity of protein, so that tliey usually 
contain only i yjer cent, or less of phosphorus. Some also contain 
iron, and the normal sup])ly of iron to the body is contaiiuMl in 
the nucleo-proteins or ha:matO(/eiis (Ibinge) of plant or animal 
cells 

Kudeic acid yields, among its decomposition products, phosjihoric 
acid, various bases of the purine pyrimidine group, and a carbohydrate 
radical. 

The nucleic acids obtained from various mammalian organs 
indicate that they fall into two main classes • — 

(1) Nucleic acid j)TO})CT . — Tliis yields on decomposition — 

(u) Phosphoric acid {h) A sugar. 

(c) Two members of the purine group in the same proportion, 
namely, adenine and guanine. 

{d) Two pyrimidine bases, cytosine and thymine (yeast 
contains uracil) 

The purine bases are specially interesting because of their close 
relationship to uric acid, and we shall have to deal with them again 
in our description of that substance. 

(2) Guanylic wnd adenylic acid — These acids are found mixed 
with the nucleic acid proper. 
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The Properties of Proteins. 

Solubilities. — The ])n)t(‘iiis ani iiisoliibh^ * in alcohol and (!th(3r 
Some are soluhhi in water {Colloidal Solution,, see ]). 33)7), others 
ar(i inso]ul»le Many of tlie latter are soluble in weak saline 
solutions. Some arc^ insoluble, utheis soluble in concentrated 
saline solutions. 

Heat Coagulation. — Most native proteins, siudi as white of cfjjg, 
are rendered insoluble when their solutions are heated Tlie tempera- 
ture of heat coagulation diflers in diireront proteins , thus myosinooen 
and fibiino,i:^(in eoai>ula.te at 56'" (1, sm-iim albumin and serum globulin 
at about 75" (J. The protmns which are coagulated by heat come 
mainly iindm' two (dasses . the aloiuiiins and the (jlohiiliiix. These 
(Idler in solubility, the albumins are soluble in distjlliMl water, the 
true globulins reipiiie sails to hold tlimn in solution. 

Indiffusibility. — The proteins (peptones exe.epted) lielong to the 
class of substances called colloids by Thmnas (Traham ; that is, they 
pass with ddhculty, or not at all, through animal membranes 
In the construction of dialysers, vegetable parchment is largely 
used. Proteins may thus be se[)aiated from diirnsible {rri/stalloid) 
substances such as salts, but t.he pro(*ess is a tedious om* 

Crystallisation. — Ihemoglolan, the red pigment of the Idood, 
is a ])rotmn and is crystalhsable (for fnrthm' dt^tails, see The P)lood, 
]) 366). Like other proteins it has a large moleeaile , though 
crystalline, it is not crystalloid in (Irahands sense of that term 
Further, egg alluimin and some other proteins have been eaystalhset 
liy treatment with inorganic/ salts. 

Action on Polarised Light.- --Most proteins are hevo-rotatory, 
the amount of rotation varying with individual [iroteins Several 
of the conjugated proteins, cij luemoglobin and nucleo-proleins, are 
dextro-rotatory, though their protein components are hevo-rotatory 
(Gamgee) 

Colour Reactions — The priniupal colour reactions by which 
proteins are recognised are the following: — 

(1) The CCaniho-prolcic reaction. If nitric acid is added to a 
solution of a protein such as white of egg, the result is a white 
prciiipitate , this and the surrounding liquid become yellow or 
heating and are turned orange by ammonia. The preliminary 
white precipitate is not given by certain proteins such as peptones ; 
but the colours are the same,__The colour is due to the formation 
of nitro-derivatives ofjbhoj^fom^iiUJ radical of the protein molecule. 

(2) Millon’s reagent is a mixture of mc/rcuric 

aanl mercurous nitrate with excess of nitric acid This gives a 
white precipitate which is turned brick-red on boiling. This reaction 

* The ghcidins an* e\i‘e])ti()ns in being soluble. 
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(loponds on the preacnicn of the tyrosine r:i(li(;al and is not ^iven by 
gelatin 

(3) liiicrct rcartio)i {J{oscs or l^iotrowskis). A trace of copper 
sulphate and excess of strong caustic potash give with most proteins 
a violet solution, rioteoses and ])e])tones, however, give a rose-red 
^/olonr instead, this same colour is given hy the substance calle.d 
hiurct. This name does not imply that hinret is present in prottan, 
but IS used because both protein and biuret give the reaction. The 
native proteins give a violet colour, becaiuse the rtul tint*^of tlui 
copjier com])ound with the biuret gioup is mix(‘d with another 
copper compound with a blue colour. "Jdie test is given by poly- 
])eptid(^s hill. iKtt by dipeptides or aanino-acids 

Biurel IS foriiu'd by heating solid urea; ammonia passes off <ind leaves biuret, 
thus— 

2CON,H^ - (\,0,N3H^ + NH 3 . 

[Ur(‘a 1 (Biiirot ] (Ammonia J 

(4) Adivmkicwirz reaction When a solution of protein is mixed 
With a dilute solution of glyoxylic acid, and then excess of commercial 
sulphuric acid is added, an intense violet colour is obtained Tliis 
is (lue to the tryptophan radical. A similar test is tliat of Rosenheim 
in which dilute formaldehyde rejilaces the glyoxylie acid. 

Precipitants of Proteins. — Solutions of most proteins are 
precipitated by : — 

Strong acids such as nitric acid , picric acid ; acetic acid and 
potassium ferroiiyanide , ai^etic acid and excess of a neutral 
salt such as sodium sulphate, wlum these are boiled with the 
protein solution; salts of the heavy metals such as copper 
sulphate, mercuric chloride, lead acetate, silver nitrate, etc., 
tannin , alcohol , saturation with certain neutral salts such as 
ammonium sulphate. 

It is necessary tliat the words coagulation and 
should in connection with ])rotcins be carefully distinguished. The 
term coagidatiou is used when an insoluble protein (coagu- 
lated protein) is formed from a soluble one. This may occur: 
(1) When a protein is heated — heat coagulation; (2) under the 
inhiience of an enzyme, for instance, when a curd is formed in 
milk by rennet or a clot in shed hlogd by the fibrin ferment — eyizyme 
coagulation. 

In precitiitation the precipitate formed is readily soluble in 
suitable reagents such as saline solutions, and the protein continues 
to show its typical reactions. This is called “salting out” * Such 
a precipitate is produced by saturation with ammonium sulphate. 
Certain proteins, called glohidins, are more readily precipitated by 

* Other colloids (.starch, glycogen, soaps, etc.) tan be similarly “salted out" 
of solution. 
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sucli iiK^aDS ilia , 11 otliors Thus, glohiilins are prceipiiaied by half-' 
saiiiraiion with aiiiinonium sulphate. Full saturation with ainiuoiiiiiiu 
sulphate ])recipitatcs all proteins hut peptone. The globulins are 
precipitated by certain salts, sucdi as sodium chloride and magnesium 
sulphate, which do not precipitate the albumins. 

The ]jrecipita,to produced liy alcohol is peculiar in that after a 
time it becoiiK'.s a coagulum. Frotein freslily precipitated by 
alcohol is readily soluble in water or saline media, but after it has 
been allowed to stand some time under alcohol it becomes more and 
more insoluble. Sindi a change in the nature of the protein is 
called denaturation Albumins and globulins are most readily 
rendered insoluble by this method, ]>roteoses and [)C})tones are never 
rendered insoluiile by the acTion of alcohol. This fact is of value 
in the separation of th^c proteins from obhcis. 

Protein-hydrolysis. 

When protein material is subjccte<l to hydrolysis, as it is when 
heated with mineral acid, or alkalis, or su]>erlieatod steam, or to the 
action of such enzymes as trypsin in the alimentary canal, it is 
iinally resolved into the numerous amino-acids of which it is 
built. P)Ut before this ultimate stage is reached, it is sjilit into 
substances of jirogressively diminisliing molecular size, which still 
retain many of the protein cdiaracters. The ])roducts may be classified 
in order of formation as follows: — 

1. jVIeta-proteins. 

2 Proteoses. 

3 Pe[)tones. 

4. i'olype])tides. 

5. Amino-acids. 

The polypeptides are linkagiis of two or more amino-acids, as 
already explained. Although most of the polypeptides at present 
known are products of laboratory synthesis, many have been 
definitely separated from the digestion products of proteins. 

Products of Partial Hydrolysis. 

1. Acid and Alkali Metaprotein — These are insoluble in pure 
water, but are soluble in either acid or alkali, and are jirecipitatei 
by neutralisation unless certain disturbing influences like sodium 
plioH])hate arc presiuit They are precipitated like globulins by 
saturation with such neutral salts as sodium chloride or magnesium 
sulphate. They are not coagulated by heat if in solution. 

2. Proteoses — The word “proteose” includes the albumoses 
(from albumin), globuloses (from globulin), vitelloses (from vitellin). 
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etc. Similar substances are also formed from gelatin (gclatinoses) 
and elastin (elastosos) "bhey ar(i not coagulated by beat, they are 
precipitated but not i*oagulated by alcohol : hke peptone, they give 
the pink biuret reaction. Tliey are precipitated by nitric acid, the, 
inccijhtate heinfj eoluhlc on hralrnt/, (Did rea])j}C(iri7i(/ ivheii the Uqnid 
cools This last is a distinctive property of proteoses. They are 
slightly dilfusible. 

The primary proteoses, which arc those formed first, are }>re- 
cipitated by saturation with magnesium sulphate or sodium chloride 
Secondary proteose is not, it is, however, precipitated by saturtition 
with ammonium sulphate. 

3. Peptones — These ';are solulile in water, are not coagulated 
hy licat, and are not precipitated liy nitric acid, copper siil})l)a,te, 
ammonium suliihate, and a number of otlier procipitaaits of proteins. 
I'hey are precipitated but not (coagulated by alcohol. They are also 
precipitated by tannin, picric acid, potassio-mcrcuric iodide, phospho- 
molybdic aedd, and phospho-tungstic acid 

They give tlie biuret r('action (rosi^-rccd solution with a trace of 
copper sulphate and icaustic potash or soda) 

Peptone is readily dilliisible through animal membranes. 

The annexed table will give us at a glance the chief characters of 
peptones and proteoses in contrast with those of the native proteins, 
albumins, and globulins. 


Variety 

of 

protein 

Action 

of 

heat 

Action 

of 

alcohol 

Action 

of 

nitric acid 

Action of 
ammonium 
sulpliate 

Action of 
copper 
sulphate 
ami caustic 
potash 

Diflbsi- 

liility 

Albumin 

(Coagulated 

Prcc ipitatcd, 
tlieii coagu- 
lated 

Precipitated 
in the cold , 
not readily 
soluble on 
beating 

Piecipitated 
by com[)lete 
saturation 

Violet 

colour 

Nil 

Olulmlm 

Ditto 

Ditto 

Ditto 

Precipitated 
by half satu- 
ration ; also 
precipitateil 
by MgSO^ 

Ditto 

Ditto 

i 

I’roteoscs 

Not 

coagulated 

I’recipitatetl, 
but not co- 
agulated 

Precipitated 
in the cold ; 
readily aol- 
u b 1 0 o n 
beating ; the 
preeipitate 
reappears on 
cooling* 

Precipitated 
by satura- 
tion 

Uose-red 

colour 

(biuret 

reaction) 

i 

[ 

I Slight i 

i 

i 1 

i 

1 

reptoiipH 

Not 

coagulated i 

I’recipitated, 
but not co- 
agulateil 

Not i)recij)i- 
tated 

Not pieciju- 
tatod 

Hose-re<l \ 
colour 1 
(biuret 1 
reaction! 

(beat 


* With deutero-albumose this leaction only occurs in the presence of excess of salt 



316 


THE CHEMICAL COMPOSITION OF THE BODY [CH. XX 


^The Amino- Acids, 

What we liavii already leanit about the fatty aeids will help 
us iu understandiu^^ what is meant hy an amino-acid. We sliall 
lind it adv^antageous to distini^uish the carhun atoms in tlie fatty 
acids. 

1. If we take acetic a(;id, one of the simplest f)f the fatty acids, 
its formula /is Cir^.COOIf. If one of the three hydrogen atoms 
in the methyl group is replaced by NH2, we get a substance whudi 
has the formula GH2(NFl2)(1001T. The group NIT, is called the 
a7?u??o-grou}), and the new substance now formc<l is called amino- 
acetic acid; it is also termed glycine or glycocoll In this example 
there is only one position which the amino-group can occu])y. Thus 
there can only be one amino-ac.etic acud, but in other cases there are 



Fin I'lT -(Crystals of (li'U) aiul tyrosine (iiglit) > ‘ilo 


more possibilities, and tlieir carbon atoms are termed a, /?, y, etc 
In propionuj acid there are two possibilities, it has the formula — 

H H 


H-^C-C-Cx 

8 a ^ 


We thus can got either (TT, . NH.^ . CIl2 . COOH (/9-amino-propionic 
acid) or CFI^. UH . NH2. COOH (the a acid); a-amino-propionic acid 
is called alanine. Going higher in the scale, the more numerous 
become the possibilities, but the a-amino-acids only are found 
in nature. From hydroxy-propionic acid, we get the amino- 
derivative called serine ; from valeric acitl (O4H3 . CCIOH), valine 
(C4N3(Nn2)GOOn) is obtained, and from caproicacid (Oj^lli^ . COOH) 
we get leucine ((k,HjQ(NIT,)COOH), or more accurately a-aniino- 
isobutyl-acetic acid (0T1,).,CII . GIF . GHCNiyCOOH. Its crystalline 
form is shown on the left-hand side of fig. 147 
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All the live aiuiiio-acids (glychiio, alaniiu^, serine, valine, and lencine) 
are found anionic the linal liydroljtic. products of most 2 >rotci]is. 

2 A second m'oup of amino-acids is obtained from fatty acids, 
whicli contain two carhoxyl (COOK) i^roups in tlieir molecules 
The most important of the amino-derivatives obtained from these 
dicarl)oxyhc acids are: amino-succinamic acid (asparagine*); amiiio- 
succini(i acid (aspartic acid), amino-glutaric acid (glutamic acid) 

3. The third group of amino-acids is a very important one, the 
arohudic a'i}iino-aci<h ; tliat is, amino-acids containing the benzene 
ring. 'Pile most imjiortant ar(i . — 

(1) Phenyl-alanine is alanine or a-amino-pro})ionic acid in 

which an atom of hydrogen is rcjilaced by a phenyl group; propionic 
acid has the formula (1^,1 . (l( )OH , alanimj (r<-u,mino-])ropion]c acid) 

IS CbH^(NH.,)COOH , phenyl-alanine is 0^11^^ . CJl3(NH.>)(JO(3H, or 
graphically written — ■ 

ClI,.CIl(NH,)COOil 

\/ 

(2) Tyrosine is a little more comjilicated , it is para-hydroxy- 
jtjenyl alanine ; that is, graphically writhm — 

Oil 



I 

CH,.CH(NFL)COOII 

Tyrosine crystallises in collections of very fine neiidlcs (see fig. 147). 

(3) Tryptophan is more com[)lcx still — 

CII 

IIC|^ \ |^ C.CIC.CH. NH,.COOH 
CH Nil 

it is indole amino-projnonie acid: that is, amino-])ro])ionic acid 
united to a ringed derivative called indole. Tryptophan is the 
portion of the protein molecule which is the parent substance of 
two evil-smelling f products of protein decomjiosition called indole 
and skatole or methyl indole Indole is a combination of the 
benzene and pyrrol rings. Tryptophan is responsible for the 
Adamkiewicz reaction and gives a red colour with bromine water 
Tn this and in all the preceding cases, there is only one 
* An amide of aspartic acid. 

t The smell is probably due to skatole, pure indole having a pleasant smell. 
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iopla(;(3nioiit of an atom of liydm^oii by llic amino ^roup (^Nll^), 
h(ui(!0 they may lie all classcMl to<^(itlu;r as 'inono-ainiuo-nr}(h 

PavSSino to the n(‘.xt sta^ci in complexity, wc^ come to anotlier j^iou]) 
of amino-acids which arc ealhal /vto-acids ; that is, fatty acids in 
which two hydrogen atoms arc rejilac.cd by Nil, gron})s. Of these we 
may mention lysine, ornitlnnc, arginine, and Instidine. 

Lysine is dianiino-i'aproic acid, (.^aproic acid is CrJ In . 00011 
Mono-amino-eaproic acid or leucine, we have already learnt, is 
0 ,^Hj()(NJb,)OOOIL Lysine or diamino-eaproic acid is C^lly . 

(NIL),, oooir. 

Ornithine is dianiino-valeric acdd, and tlui following fornuihe 
will show its relationship to its parent fatty acid — ■ 

CJIyt'OOlI is valeric acid. 

04ll7(NH.,),C001 1 IS diamino-valeric acid or ornithine 


Arginine is a somewhat more complex substance, which contains 
the ornithine radical. It belongs to the same group of substances 
as creatine, which is methyl-guanidine acetic acid, and has the 
formula — 


HN^ 

\)C -N(ClL)CH..COOH 

ilnX 

[Crcatiiio J 


H,N\ I 

)C - O NII(CII>)CH.. COOH 

h,n/ 1 

lUrca 1 ISarcosnit* or metliyl-glyoino ] 


On boiling it with baryta water, it takes u}> wati'r and splits at the 
dotted lino into urea and sarcosine, as shown above. 

Arginine stilits in a similar way, urea being s[)lit ol'f on the left, 
and ornithine instead of sarcosine on the right. Arginine is, there- 
fore, a compound of ornithine with a urea group 

Histidine, though not strictly speaking a diamino-acid, is a 
diazine derivative (imidazole-ammo-propionic acid), and so may 
be included in the same group Histidine is of great importance 
as it readily loses CO., on decouniosition and gives rise to a very 
toxic substance histamine, which is very readily produced in damaged 
tissues. 

These substances we have spoken of as acids, but they may also 
play the part of liases, for the introduction of a second amino-group 
into the fatty acid moliMuiles confers upon them basic properties. 
The three substances: lysine, [141^202 , arginine, O6H14N4O2, 
histidine, CgHyN^02 are in fact often called the hexone bases, because 
each of them contains G atoms of carbon, as the above empirical 
formuliB show. 

Cystine, cysteine, and methionine are amino-acids in which 
sulphur is present, and in which the greater part of the sulphur of 
the protein molecule is contained. 
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In addition to all tliosc nnniorous aniino-acids tlioro arc otlier 
clcava<^e products, of winch it will he sullicicnt to mention proline. 
In the nucleo-proU'ins tlie nmdeiii com])onent yndds in addition 
what are known as purine and pyrimidine liases (See further 
under Niudeic Acid, also under Unc Acid) 


The Constitution of Proteins 

The aliove list now represents the principal groups of cheiniiail 
nuclei united togi^ther in the protein molecule, and its length makes 
one realise the (iomjilicatcil nature of that moleiuile and the diiriculties 
which beset its investigatiuii. We may put the problem anotlier 
way. In tlie simjile sugars, with six atoms of carlion, there are as 
many as twent^four different ways in which the atomic groups may 
bo linked up.^^ie formuhe on p. 298 give only four of tliese which 
represent tlie structure of glucose, fructose, mannitol, and sorbitol, 
but the majority of the nmiaindor have also bi'cn prepared by chemists. 
The molecule of albuihin has at least 700 carbon atoms, so the possible 
combinations and permutations must be reckoned by millions. 

Much work is being done on the various known proteins, 
taking them to pieces and idmitifying and estimating the fragments 
and improving the melhods of estimation The following table 
presents the results obtained with some of the cleavage products of 
a few proteins The numbers given are percentages. 
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3 

Glycine 

0 

0 

3 7. 

0 

25 5 ! 

4 7 

3 8 

0 

0 02 

Leucine . 

20 0 

6 1 

, 18 7 

10 :> 

7 1 

7T 

2-9 

18-0 

5 6 

(jlutaniic acid . 

7 7 

8 0 

1 8-0 

21*8 

5 8 

3 7 

17 2 

2t) ’2 

437 

Tyrosine . 

2T 

IT 

1 2-5 

1 4-5 

0 

3-2 

2T 

3-5 

1 2 

Arginine . 
Tryptophan 

4-9 

5-4 

! 3-9 

1 3 8 

7 0 


117 

1-2 

3-2 

f 

+ 

1 + 

1 5 

0 


+ 

0 

1 0 

Cystine 

2 5 

1 

0*3 

i 

0*7 

i 

0-06 


More 
than 10 

o 

to 


0 4 


Such numbers, of course, are not to be committed to memory, but 
they are sufficient to convey to the reader the differences between 
the proteins. There are several blanks left, on account of no accurate 
estimations having yet been made. Where the sign + occurs, the 
substance in question has been proved to bo present, but not yet 
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(l(3ienuiiio(l Aiiaaii; tlio mcjnj stnkiiiL;' points l)iouj^hi 

(jut .are • — 

1. The small amount ol‘ i;l}eine iii alhiimins. 

2. 3’he hioli percentage ot' olyeane in «;(‘latin 

3. Tlic ahseiKic of tyrosim), (iystine and try[)to[)lian in i^elatm. 

4. The lii^h ]>erc(‘ntaoti of the siil]>]\ur-{;ontainin<» suhstanee 
((‘-ystine) in kairatin. 

5 The liioli })er(‘entaoe of olutamic acid in vu‘^eial)l(3 ]iroteins 

Fiscli(*a' discov(3r(3d the way in wliicli the annno-acads are 
link(3d to|i;eth(3r into groups I’lie ^ron])s are termed peptides or 
polypeptides ; many of these have been made synthetically in the 
laboratory, .and so the synthesis of the ])rot('in molecule is 

fori'shadowed 

U'o ni,i \ lake as our i^xamph'S of the pi'plidt's som(3 of the sim])h'st, 
and may write tlu' formuke of a few amino-acids as follows: — 

coon Glycine,! 

NH,, . (k,H4 . coon Alanine, <)r in i^ener.'d leniis, IINII R . COOII. 
Nn^ . C’glljQ . coon Leucine, J 

Two amino-acids are linked tooether as shown in the following 
formula — 


HNn.u.co on -pH nii.r.cooii 


What hajipens is that the hydroxyl (Oil) of the carboxyl (COOll) 
group of one acid unites with one atom of the hydrogen of the other 
amino (HNH) group, and water is thus formed, as shown within the 
dotted lines : this is eliminated and the rest of the cliain closes up. 
In this w.ay wo get a dipcptidc. 3dius glycyl-glycino, glycyl- 
leuciue, leucyl-alanine, alanyl-leucinc, and numerous other combina- 
tions are obtained. If the same operation is repeated we olitain 
tripcptides (leucyl-glycyl-alaninc, alanyl-leucyl-tyrosine, etc.) ; then 
come the tetrapep tides, and so on. In the end, by coupling the chains 
suhiciently often and in appropriate order, Fischer lias already 
obtained substances wliich give some of the reactions of pc})toncs. 

It is beyond the scope of this book to give details of estimation 
of individual amino-acads, Init the following general methods of 
protein analysis may be given. 

Hausmann's Method. — Thus is a short and trustworthy procedure, by which 
an approximate knowledge of the nitrogen distribution in the protein molecule 
IS ascertained. 

It is shortly as follows : — The whole nitrogen of the protein is estimated 
by Kjeldahl’s method. A weighed amount is then hydrolysed by means of 
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hydrochloric acid, and then the cleavage products are .separated into three classes 
and the nitrogen estimated in each, as — 

1. Ammonia nitrogen. Tliis comprises the nitrogen of the iirotein moleeiilc 
which is easily split off as ammonia, and is determined by distilling olF the 
ammonia after adding magnesia. 

2. Diamino-N. The fluid, free from ammonia, is precipitated by pliosnho- 
tungstic acid, and the nitrogen pre.sent in the precipitate determined. This 
represents the nitrogen of the diamino-acids (lysine, arginine, etc.). 

3. Mono-amino-N is then estimated in the residual fluid. 

The method has proved useful for the differentiation of proteins, and interest- 
ing deductions as to their food value have been drawn from its results. 

Van Slyke’s Method. — In this method, the two last fractions in Ilausmann’s 
method are treated with nitrous atdd, which liberates nitrogen from amino-groups, 
i By measuring the nitrogen evolved, the aniino-nitrogcn is ascertained, and the 
non-amino-nitrogen (that is, the nitrogen in lieteroe.yclic combination in proline 
tryptophan, etc.) is determined by difference 'Fliis method can be worked with 
^ quite small quantities of protein, and from 98 to 100 per cent, of the nitrogen is 
.^iccounted for. 

h 
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PREFACE TO THE THIRTY-SIXTH 
EDITION 

Tiik iicoesHity for a new edition so soon after the enlarged edition 
IS encouraging, and is fortunate as it gives fresli opportunity for 
iiiiproveiiient, but the insertion of new material lias been so woven 
into tlie text that little change may appear on superlicial reading. 
Several sections have been entirely rewritten and in their remodelling 
I must acknowledge assistance from many friends. The writings 
of Professor Pulton of Yale University have greatly facilitated the 
revision of the section on the cerebral cortex. Dr Harriet Uliick 
of the Lister Institute has kindly provided me with a summary 
of the latest work on vitamin 1>. Professor lluggett of St Mary’s 
Hospital Medical School has been good enough to revise the section 
on the placenta and nutrition of the fmtus, and Ins colleague, Dr A 
Prazer, has givmi valuable suggestions regarding the digestion of 
fats. Miss Margaret Murray has provided me with data regarding 
the chemistry of the blood, while my colleague, Mr (1. Pellerby, 
has revised the section on reproduction, particularly in respect 
of the hormones concerned. In addition, the sections on the control 
of the heart and the production of urine have been remodelled, the 
latter to give a fuller description of the conclusions of Professor 
A. iY. liichards of Philadelphia, 

I am also indebted to Lady Midlanby for her very convincing 
illustrations of elfects of vitamin D deficiency on teeth, to Dr 
Hallpike of the Aliddlcsex Hospital for his excellent photographs 
of the cochlea, and to my colleague. Professor Thomas Yicol, for 
a valuable diagram of tlie connections of the ceri'bellum. At the 
same time a number of old diagrams have been redrawn to make 
them clearer and a host of minor changes have been made through- 
out. Por many of the latter 1 gratefully acknowledge the assistance 
of Mr Kiloh and of a recent student, Air iovetz-Tereshchenko, who 
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Imvo been enough to draw my attention to the need of anch 

ehaiigc's, and, as ever, I ;iin grateful to readers from all over the 
world who have givcai nui suggestions, tliii most of which have 
incor2)orate<l with advantage. Tt is only with such collal)ora- 
tion that it is possible to make the liook fullil the needs of the 
many universities and of that individual whom it is ilesigncd 
primarily to smvi^ — the nuMlical student. 

R. d S JMidiOWALL 

1st .////// 19:39. 



PUr>LlSHEirS NOTE 


Jt may not be uninteresting briefly to recount something of tlie history 
t)f this book. The original author was William Senhouse Kirkes, of St 
B.irtholomew’s Hospital, and the first edition appeared in 1848 ; it consisted 
of 705 pages, and contained 97 illustrations. The title-jiage mentions tliat 
J)r Kirkes was assisted by Mr James Paget, who was then T.)ecturer on 
Phy.siology at St Bartholomew’s Hospital. Dr Kirkes ap})ears to have 
been a student under Mr (afterwards Sir) J. J’aget, and to have been 
impressed with the need of making more permanent liis stioken lectures, 
and in liis preface he thanks Mr Paget for allowing him the free use of 
his manuscript lecture notes. The book was, for its time, one of great 
e.'coellence, reflecting the clear and accurate method of exposition which 
always distinguished Sir James Paget’s work, and Kirkes' Vhysiologi/ rapidly 
became the students’ favourite text-book, and new editions a})i)eared rapidly ; 
in those the book grew a little in size and in the number of illustrations, but 
showed otherwise but little change until the fourth edition came out in 18fJ0, 
when Mr Savory’s name appeared as editor upon the title-page. Mr (after- 
wards Sir William) Savory was another of St Bartholomew’s worthies, and 
at that time was Ijecturer on Comparative Anatomy and Physiology at that 
Hospital. With the appearance of the sixth edition (18G7), Mr Morant 
Baker (then Demonstrator of Anatomy) was a.ssociato editor, and by this 
time the book was different both in matter and arrangement, so that little 
of the original “ Kirkes” remained. Up to this time the publishers had been 
Taylor, Walton, & Maberly, of Cower Street. In 1869, however, the book 
became the property of the present publisher (seventh edition), and this 
edition and the next (eighth, in 1872) were not much more than reprints 
of the sixth edition. The ninth edition (1876), however, was completely 
revised, and Dr Klein, then the Lecturer on Physiology, appears to have 
been largely responsible for the improvement. From the tenth to the 
thirteenth (1892) edition, the editorship was shared between Mr Morant 
Baker and Dr Vincent D. Harris, his senior Demonstrator, and as successive 
editions appeared, the work of keeping the publication up to date fell more 
and more upon the shoulders of the latter. 

In 1896, when a new edition was necessary, Mr Baker had died, and 
Dr Harris was retiring from active teaching, so Mr John jVlurray had to 
look round for a now editor. Acting upon the advice of his friend, the 
late Sir William Gowers, he applied to Professor Halliburton, and when the 
latter accepted the position, the long association between the book and 
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St Bartholomew’s Hospital wixs severed. During the fifty-four years of this 
association the l)Ook saw thirteen editions. Under Trofessor Halliburton’s 
guidance, which began in 1896, the book entered upon a new era of prosperity; 
in twenty-nine years seventeen editions — totalling one hundred and sixteen 
thousand copies— were published ; so, as the book had become an entirely 
new one, the name of Kirkes was dropped and Jlalliburton^ P/n/.^iolcvji/ 
became its recognised title. 

Tn 1928 revision became again necessary; and as Professor Halliburton 
found that he needed hel[) in prejiaring it, the assistance of his successor at 
King’s College, IVote.ssor McDowall, was secured 

A small change has conseipiently been made in the title of the book — the 
name of Prof(\ssor HcDowall has now been added to that of Professor 
Halliburton os joint author. In the thiity-lifth edition (P).87) “ Bioclunnistry 
ajipeared on the tit]e-])age for tJu' first time. 

1939 
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CHAPTER I 

THK STOyOTlJKAL BASIS OF LIVING THINGS 

The Cell 

Every living organisni, plant or animal, however elaborate, can be 
shown microscopically to be made up of cells. 

The higher animals and plants are always unicellular to start 
with, but eventually the cell divides and subdivides until there is a 
mass of cells, which subsequently become differentiated and carry 
out many different functions. When cells which have similar 
functions become congregated together to form distinct anatomical 
structures we call such structures organs. Each organ has its own 
work to do but acts in harmony with other organs. This relationship 
between the organs enables us to group the organs into systems. It 
is to be noted that in the division of labour among the different 
types of cells, each type becomes specialised and structurally modified, 
but does not acquire new properties ; rather does it exalt some one . 
of the primitive functions at the relative expense of most of the 
others. Thus we have : the digestive system which is concerned with 
the digestion of food or the preparation of substances for use in 
the body; the respiratory system (air-passages and lungs) which 
provides for the intake of oxygen and the excretion of carbon dioxide, 
the product of oxidation ; the circulatory system (heart and blood- 
vessels) which is the groat transport system of the body; the 
excretory system which gets rid of waste products ; the muscular 
system which is associated with movement; the skeletal system (the 
bones), which supports and protects the softer parts. Above all, there 
is the nervous system (brain, spinal cord, and nerves) which is more 
immediately in contact with the outside world and which presides 
over, controls, and regulates the activities of the other systems. In 
addition there are certain glands which assist, by virtue of the 
various substances which they pour into the blood. 
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THE STllUGTURAL BASTS OF LIVING THINGS 


[CH. L 


The Animal Cell. 

All {iiiiijial nell i.s u.sually of iui(;roacupic dimensions, and in the 
human body varies from to of an inch in diameter. 

It consists of — 

1. Cyio])lasm: tins makes up tlie main protoplasmic substance of 
the cell. 

2. Nucleus: a vesicular body within the cytoplasm, generally 
situated near the centre of the cell. 

3. Gcntriole and attraction sjdiere: these are eontained within 
the cytoplasm, near the nucleus. 


Cytoplasm. 




The cytoplasm consists of a soft jelly-like material called proto- 
plasm. With high powers of the microscope it can bo demonstrated 
that in many cells the protoplasm is ditleren tinted into two parts : 

, (1) a line netwoik of fibrilla3 in which (2) 
the more Iluid and apparently structureless 
portion of the protoplasm is contained. This 
\ structiu’o is shown diagrammatically in the 
\ accompanying figure (fig. 1). Some observers 
1 such appearances as artifacts, that is, 

produced artificially by methods of fixing 
and staining. Schafer, however, has been 
successful in obtaining instantaneous photo- 
\ I white blood-corpuscles in the living 

/ condition entirely untreated by any reagents, 
these distinctly show the presence of a 
fine fibrillar network in the greater extent of 
" their protoplasm. This network he calls the 

Kiu 1 Diagiain of an animal .wOlKnOplaSUl, aiul tllG lllOre fluid portion 
(■(>11 foinsisting of libiilLitcil / 
protoplasm, coiitaining a liyatoplaSVl. 

The chemical structure of protoplasm can 
be investigated only after tho protoplasm has been killed. The 
substances it yields are : (1) Water — at least three-quarters of the 
weight, often more, consist of water; (2) Inorganic salts, especially 
phosphates and chlorides of sodium, potassium, and calcium; (3) 
Proteins or albumin-like substances which are characteristic of living 
things; (4) Lipides or fat-like substamies; (5) Carbohydrates, 
starchy or sugar-like substances. The nature of all these substances 
is described in detail in a later chapter. 
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The Nucleus. 

Tlio nucleus is generally round or oval, but it may liave an 
irregular shape. Some cells have jiiore than one nucleus. 

The nucleus exercises a controlling iiillucnce over the nutrition 
and subdivision of the cell ; any portion of a cell cut off from the 
nucleus undergoes degenerative changes. 

A nucleus consists of four parts which are represented in the 
next diagram. 

When the cell is stained with lunematoxylin tlie nuchuis stains 
more deeply than the cytoplasm, especially the nucleolus and the 


^luitwork;^ 



mombraiio ^ 

■^NucIpoIus ^ 

7 ^ — -^’uolraT inatrij^ , ' J 

Nuclrar network or chroinojilasm- 

i "’-'f .> i . ■ 'J 

Kiu 2 -Tlie nuelnns— (liagramrnatie (WaMeyer ) 


nuclear network. The substance which takes up the stain is tlie 
nuclein of tlie nucleus (called rhro/natm by the histologists because 
of its staining properties). 


The Attraction Sphere. 

All animal cells contain also an 
“attraction sphere” which consists of 
a minute centriole with associated filirils 
and granules (fig. 3). It is most prom- 
inent in cells which are dividing or 
about to divide. The centriole, and then 
the attraction sphere, divides into two. 
In all probability the centriole gives the 
primary impulse to cell-division. Some 
cells, for instance the giant cells of red 
marrow, contain numerous centrioles. 



Fiu. 3 —A coll (senii-diagraniniatic) 
showing its attraction splion' 
III this, as In most casi^s, tliB 
attraction sphere lies near the 
nucleus. (Schafer ) 
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CHAPTEE II 


THE CHAKACTERISTICS OF LIVING THINGS 

All living organisms, wiiether unicellular or multicellular, have the 
power of transforming energy and show signs of activity. Of these 
signs the most important arc the following : — 

1. Power of assimilation : to convert into protoplasm the nutrient 
material or food which is ingested. 

2. Power to excrete : to give out waste materials, the products of 
other activities. 

3. Power of growth, this is a natural consequence of the power 
of assimilation. 

4. Power of reproduction : this is a variety of growth. 

5. Irritability : this is the property of responding by some change 
to the influence of an external agent or stimulus. The most obvious 
of these changes is movement (amoeboid movement, ciliary movement, 
muscular movement, etc.). 

It should, however, bo recognised that one or more of these live 
characteristics may be absent or latent, and yet the organism may be 
living. Power of movement is absent in many vegetable structures. 
Certain seeds and spores can be dried and kept for many years in an 
apparently dead condition ; yet they will sprout and grow when 
placed in appropriate surroundings. 

Living material is in a continual state of unstable chemical 
eqiulibrium, building itself up on the one hand, breaking down on 
the other ; the term used for the sum total of these intra-molecular 
rearrangements is metabolism. 

The Relation of the Cell to its External Environment. 

The simplest animal organism, the amoeba, consists of a single 
cell which is in immediate contact with the environment from 
which ^it receives its nutrient material and oxygen and to which it 
returns its waste materials. Even in the most complex animal 
each cell is still in contact — more or less remote — with its environ- 
ment. Only certain cells come into immediate contact with the 
environment, but the other cells of the body all benefit indirectly 
through this contact. For example, some of the cells of the 
respiratory tract are adapted for the passage of oxygen, while 

7 
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certain cells of the digestive tract permit the intake of nutrient 
materials. The oxygen and nourishment from the environment 
are transported by way of the specialised cells to every other cell 
in the body. This transport is accomplished by the circulation of 
the blood. 

Amoebic Movement. 

The movement of the amoeba is one of the simplest forms of 
animal activity which can be observed and is of unique interest. If 
an amoeba is watched under the microscope for a minute or two, an 
irregular projection or pseudopodium is seen to be thrust out from 



Fi(}. 4. —Human colourlflas blood-corpuscle, showing its successive changes of outline within ten 
minutes when kept moist on a warm stage (Scholiold ) 



the main body and retracted ; a second mass is then protruded in 
another direction, and gradually the whole protoplasmic substance 
is, as it were, withdrawn. The amoeba thus comes to occupy a 
new position, and when this proceeding is 
repeated several times we liavo locomotion in 
a definite direction, together with a continual 
change of form. 

Amoeboid movements of the colourless cor- 
puscles of the blood may bo readily seen when 
a drop of blood from the finger is mixed with 
salt solution, and examined on a warm stage 
with the microscope. 

If wo adopt Schafer’s views on the structure 
of protoplasm, then the essential act in the 
protrusion of a pseudopodium is the flowing of 
the hyaloplasm out of the spongioplasm ; the 
retraction of the pseudopodium is a return of the hyaloplasm to 
the spongioplasm. 

Ciliary Movement. 


Fio. 6.— An amoeboid cor- 
puscle of the newt killed 
by instantaneous appli- 
cation of steam, show- 
ing the appearance of 
the pseildopodia (After 
Schafer, Quain'b Ava- 
tomy ) 


The ciliated cell is usually columnar in shape and surmounted 
by a bunch of fine tapering filaments which were originally called 
cilia because of their resemblance to eyelashes. 

In the larger ciliated cells, the border on which the cilia are 
set is bright and composed of little knobs, to each of which a cilium 
is attached; in some cases the knobs are prolonged into the cell 
protoplasm as filaments or rootlets (fig. 6). The bunch of cilia is 
homologous with the striated border of columnar cells. 
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The function of the cilia is to cause a movement of substances 
or objects along the surfaces they line. For example, cilia line 
the air passages (but not the alveoli) and they cause a current of 
mucus and entangled dust to move towards the throat (fig. 7). In 
the Fallopian tubes and upper part of the uterus they assist the 
movements of ova, and in the ducts of the testes those of the 


spermatozoa. Idle tail of a spermatozoon may itself be regarded as 
a cilmm ; and some protozoa also move by 



Fio. 6.— Ciliated cell from 
the intestine of a mol- 
lusc. (Engelmann ) 


means of cilia. Cilia are found also in the 
ventricles of the brain and in the central 
canal of the spinal cord ; in the gills of marine 
animals, and in the gullet of the frog. 

Ciliary motion may conveniently be 
studied in the latter, or in the gill of a 
mussel kept moist by a O'G per cent, saline. 
It may be observed under the microscope 
and, in the case of the frog, the movements 
of minute pieces of carbon may bo studied. 

The cilia are seen to be in constant rapid 
motion, each ciliuiii being fixed at one end, and 
swinging or lashing to and fro. The general 
impression given to the eye of the observer is 
very similar to that produced by waves in a 



Fio. 7.— Ciliated epithelium from the human 
trachea, o, Large fully-formed cell; b, 
shorter cell ; c, developing cells with more 
than one nucleus. (Cadi at.) 


field of corn, and the result of their movement is to produce a 
continuous current in a definite direction, and this direction is always 
the same on the same surface, being usually in the case of a cavity 
towards the external orifice. 

The exact explanation of ciliary movement is not known ; what- 
ever may be the precise cause, the movement must depend on some 



10 


THE CHARACTERISTICS OF LIVING THINGS 


[CH. 11. 


changes going on in the cell to which the cilia are attached, for, 
when the latter are cut off from the cell, the movement ceases, 
and when severed so that portions of the cilia are left attached to 
the cell, the attached and not the severed portions continue the 
movement. 

Sharpey Schafer has suggested that the How of hyaloplasm 
backwards and forwards will explain ciliary as it will amoeboid 
movement. In an amoeboid cell, the spongioplasm is irregular in 
arrangement, hence an outflow of hyaloplasm can occur in any 
direction. Ihit in the regular curved projection or cilium, the 
hyaloplasm can only flow directly into the cilium and back again. 
The flow of hyaloplasm into the cilium raises the pressure there 
and causes it to straighten; a movement in the reverse direction 
causes the cilium to curve. 

The Effect of some External Agents on Amoeboid and 
Ciliary Movements. 

Although the movements of amoeboid and ciliated cells may be 
loosely described as spontaneous, yet they are 2 )roduced and increased 
under the action of external agencies wliich excite them, and which 
are therefore called stimuli. 

Ciliary and amoeboid movements are increased by small rises in 
temperature and by dilute alkalies. Additional movement increases 
the demand for oxygen (Gray). Strong acids, strong alkalies, and 
temperatures above 45° C. bring about a cessation of movement. 
Cold and the lack of oxygen each cause a temporary cessation from 
which there is recovery if the temperature is raised or oxygen 
admitted. Ciliary movement is stopped by dilute acids and by 
carbon dioxide, but if these agents are neutralised movement once 
more takes place, Ancesthetics, by preventing the permeation of 
oxygen, stop ciliary activity. Again, contact with foreign bodies, 
gentle pressure, certain salts, and electricity, produce or increase the 
movement in the cell protoplasm. 

These effects are of special importance and may be taken as 
indicative of the action of these agents on living organisms generally. 
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CHAPTER III 


MUSCLE 

The most important movements of tlie higher animals arc hrought 
about by inuselos wlii('h possess the power of contraction or 
shortening, usually as a rt\sult of impulses conveyed to them 
l)y nerves. 

The majority of the muscles of the body are attached to bones 
which act as levers. Thus : when we want to bend the elbow, 
impulses from the brain descend by way of the spinal cord and 
nerves to muscles which are attached to the bones of the lower arm 
at one end and to the bones of the upper arm or shoulder girdle at 
the other. Since the bones of the lower and upper arms are hinged 
at the cl])ow, contraction of the muscles causes a bending of the 
elbow. The study of the movements of muscles and their etfeet on 
the bones is now dealt with by the anatomists, and need not be 
entered into here. In some instances muscular tissue pervades or 
surrounds cavities, and its contraction causes movement of the 
contents as in the case of the digestive tract. 


The Skeleton. 

This is the framework of bone onmnd in which the body is built. 
Its detailed study concerns anatomy, while its physiological aspects 
are postponed until the student is familiar with the general processes 
on which its formation depends. 

Muscular Tissue. 

Muscle is popularly known as flesh. The muscles may bo divided 
from a physiological standpoint into two classes — the voluntary 
muscles, which are under the control of the will, and the involuntary 
muscles, which are not. All muscular tissue, whether under the 
will or not, is controlled by means of the nervous system. The 
involuntary muscles are controlled by a specialised part of the 
nervous system. 

When muscular tissue is examined under the microscope, it is 
seen to be made up of small, elongated, thread-like cells, which are 
called muscle-fihres and which are bound into bundles by connective 
18 
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tissue. In involuntary muscles there is a certain amount of cement 
substance, stainable by nitrate of silver, between the fibres. 

There are tliree varieties of muscl(?-fil)res : (1) striated muscle-fibres, 
wiiicli occur in the voluntary muscles; (2) unstriated muscle-fibres 
winch brin^ about movement in the internal organs; and (3) cardiac 
or heart muscle-fibres, whi(;h are striated like (1), but are otherwise 
different, iloth unstriated and cardiac muscles are involuntary. 


Voluntary or Striped Muscle. 

Voluntary muscles are sometimes called skeletal, and they con- 
stitute the whole of the muscular apjiaratus attached to the bones.* 

The liiires vary considerably in thickness and length, but they 
average} inch in diameter, and are about 1 inch in length. Each 
fibre is cylindrical in shape and has rounded 
ends ; many become prolonged into tendon 
bundles by which muscle is attached to bone. 

Each fibre consists of a sheath, called the 
sarcolemma, which encloses a soft material 
called the contractile substance. 

The contractile substance within the 
sheath is made up of alternate stripes of 
dark and light substance which give voluntary 
muscle its characteristic appearance. Ilaycraft 
succeeded in making casts of muscle-fibres in 
collodion films and showed that the light and 
dark stripes appear on the casts. He therefore 
concluded that the striped appearance was 
due to optical phenomena. The stripes also stain differently, so 
presumably differ in chemical composition. 

Muscle-fibres contain oval nuclei. In mammalian muscle these 
are situated just beneath the sarcolemma , but in frog’s muscle they 
occur also in the thickness of the muscle-fibre. 

A muscle-fibre is made up of fibrils or sarcostyles, which are held 
together by a network known as the sarcoplasm (represented as white 
lines in fig. 10). By the use of certain reagents, such as osmic acid 
or alcohol, the fibrils may be completely separated from one another. 

The rapidity of muscular contraction seems to be proportional 
to the clearness of the cross-striation, and insects’ muscles which are 
remarkable for perfection of mechanism have consequently been the 
subject of many lesearches. In the wing muscles the sarcostyles 
are separated by a considerable quantity of interstitial sarcoplasm, 

* The muscle-fibres of the pharynx, of part of the cesophagus, and of the 
middle and the external ear, though not under the control of the will, have the 
same structure as voluntary muscle-fibres. 


jiiiiiiiiiiiiiitii 

Fio 8 — Musc'lt' - llbift of a 
mammal liiglily mag- 
niliod Tlui surf.ioH of 
thft libro IS acMMiraU'ly 
focu.ssed (Schafer ) 
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which may be of nutritive importance, and according to some 
observers possesses a certain amount of contractility ; at any rate 
it allows the intimate structure of the individual sarcostyles to be 
worked out thoroughly, and Sharpey Schafer has arrived at the 
following conclusions : — 

Each sarcostyle is subdivided, by a transverse line (Krause’s 
membrane *) in the middle of each light stripe, into successive 



Fia. 9 —Portion of musole-llbro of 
water-b(»etle, trt'iited with gold 
chloride to show network. One 
of the transverse networks is 
split oil, and some of the longi- 
tudinal bars are shown broken 
oil (After Mel land ) 



Fio. 10 —Transverse section through 
muscle-fibres of human tongue 
The nuclei are deeply stained, 
situated at the inside of the sar- 
colemma Each muscle - fibre 
shows "Cohnhelm’s areas.” 
X 450 (Klein and Noble Smith ) 


portions whicli arc termed sarcomeres. In each sarcomere is one 
dark stripe or sarcous element. The sarcous element is really in 
two sections which, in the stretched sarcostyle (fig. 11, b), separate 
at the line of Hensen. Between each end of the sarcous element 
and Krause’s membrane lies a clear interval which is more evident 
in the extended sarcomere (fig. 11, b), and which diminishes on con- 
traction (fig, 11, a). The sarcous element is pervaded with longitudinal 
canals or pores which are open towards Krause’s membrane and closed 
at Hensen’s line. As the sarcostyle contracts, a large proportion of 
the clear part of the sarcomere passes into these pores and disappears 
into the sarcous element which swells up and becomes wider, with a 
consequent shortening of the sarcomere (fig. 12, B). As the sarcostyle 
is extended the clear substance passes out from the pores of the 
sarcous element and lies between it and Krause’s membrane. There 
is a compensating lengthening and narrowing of the sarcomere 
(fig. 12, A). It should be noted that the sarcous element does not 

* Also called Dobie s line. The membrane is probably an optical phenomenon 
for Kuhne discovered that a threadworm could crawl through it without difficulty 
and without destroying it. 
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lie free in the middle of the sarcomere, but is attaclied at the sides 
to a fine enclosing envelope, and at either end to Krause’s membrane 
by fine lines running through the clear substance (fig. 12, A). 

Those conclusions are interesting, because they bring into harmony 
amoeboid, ciliary, and muscular movement. In all three instances we 
have protoplasm composed of two materials, spongioplasm and hyalo- 
plasm. In amoeboid movement the irregular arrangement of the 
spongioplasm allows the hyaloplasm to flow in and out of it in any 
direction. In ciliary movement the flow is limited by the arrange- 
ment of the spongioplasm to one direction ; hence the limitation of the 
movement in one direction (see pp. 13-14). In muscle, the definite 



Fic3. 11 —Sarcostylos from tho wing-musoles 
of a wasp. 

A a', Saxcostyles showing degrees of con- 
traction. 

n, A saroostylo extended with the sarcons 
elements separated into two parts 
c, Sarcostyles moderately extended (semldia- 
graramatic) (E S. Schafer.) 


Fia. 12 —Diagram of a sarcomoro 
in a moderately extended con- 
dition, A, and in a contracted 
condition, B 

K, K, Krause’s membranes; h, 
plane of Ilensen ; b.k , 
poriferous sarcous ele- 
ment. (E S. Schafer ) 


arrangement of the spongioplasm (represented by the sarcous element) 
in a longitudinal direction limits the movement of the hyaloplasm 
(represented by the clear substance of the light stripe), so that it 
must flow either in or out in a particular direction. The contraction 
of a whole muscle is the sum total of the contraction of all the 
constituent sarcomeres. 


Red and Pale Voluntary Muscles. 

In most animals some of the muscles are pale and some white 
because of the amount of haemoglobin and fat they contain. The 
red muscles have thinner fibres, more sarcoplasm, more marked 
longitudinal stria tion, but less marked transverse stria tions and 
contract more slowly. 
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The study of tlieir distribution in different animals has shown 
that tlic red fibres are particularly coneerned with sustained activity. 
They are, for exain])le, particularly prevalent in the pectoral muscles 
of soaring birds but not in ordinary domestic birds. In man the 
red fibres predominate in the soleus and pale in tlie gastrocnemius 



Fig. 13.— Wave of contraction passing over a 
muscle-fibre of water-beetle, n, n, Portions of 
the fibre at rest ; c, contracted part ; i, i, inter- 
mediate condition. (Schafer.) 



Fio. ]4.~This figure (after Engelmann) illus- 
trates the appearance of a muscle-fibre 
as examined in ordinary light (left-hand 
side) and in polarised light (right-hand 
side). In the upper part of the diagram 
the fibre is not contracted, in the lower 
part it is contracted. The dark bands are 
seen to be bright by polarised light, owing 
to their being largely made up of doubly- 
refracting sarcous elements ; during 
contraction, fluid passes from the singly- 
refracting or isotropous light band into 
the doubly-refracting dark band, which, 
in consequence, becomes widened out. 


but most are more mixed. We shall see later that the red muscles 
are particularly concerned in the more sustained reactions for the 
maintenance of posture and equilibrium. Denny-Brown, to whom 
we owe these facts, has shown that red muscles go into tetanus at 
the surprisingly low rate of 5 to 8 per second. 
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Cardiac Muscle. 

The iriiisol(3-fibres of the heart, unlike those of other in- 
voluntary muscles, are striated; but although in this respect they 
resemble the skeletal muscles, they have several characteristics 
of their own. The fibres, which lie side by side, are united at 
frequent intervals by short branches (lig. 15) Tlie fibres are smaller 
than those of the ordinary striated muscles, and their transverse 
striation is loss clear. No sarcolemma can 
be discerned. T^ach fibre has only one 
nucleus which is situated in the middle of 
its substance. At the junctions of the 
fibres there is a certain amount of cement- 
ing material, stainable by silver nitrate. 
This is bridged across by fine fibrils from 
cell to cell. Some physiologists hold, how- 
ever, that cardiac muscle is a continuous 
mass of protoplasm {syncytium) with nuclei 
at intervals, the muscle-librils being in 
continuity throughout. 

Immediately beneath the lining mem- 
brane of the ventricles, and in the main 
connecting strand which links the auricles 
or atria to the ventricles (the auriculo-ven- 
tricular bundle), are found peculiar fibres 
known after their discoverer as Purkinje's 
fibres; these cells, which are striated only on their margins, are 
large, clear, and quadrangular with granular protoplasm containing 
several nuclei. Here continuity of fibrils is more marked than in 
the rest of the cardiac musculature. 

Involuntary or Unstriated Muscle. 

Unstriated muscle forms the proper muscular coats of the digestive 
canal from the middle of the oesophagus to the internal sphincter 
ani ; of the ureters and urinary bladder ; of the trachea and 
bronchi; of the ducts of glands; of the gall-bladder; of the 
vesicula; seniinales; of the uterus and oviducts; of blood-vessels 
and lymphatics ; of the iris and the ciliary muscle of the eye< This 
kind of tissue enters largely into the composition of the tunica 
dartos. It occurs in the skin where it is found surrounding the 
secreting part of the sweat glands and in small bundles attached 
to the hair follicles ; it also occurs in the areola of the nipple. It 
is found in Muller’s muscle, in the capsule and trabeculaB of the 
spleen, and in the stroma of the ovary, prostate, etQ. It is 



Fio. 15 — Musclo fibrt’-o^ls from 
the heart (li S. Scliafcr ) 
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composed of long, fusiform cells of fibres (fig. 16), wliieli are not as 
a rule more than inch long. Each cell has an oval nucleus. 




Fid 10 ~Muscl(! fibro-rells from the muscular coat of intcstnio— biglily magnillcd Note the 

lungituilmal striation, and m the broken llbro tho sheath is visible. 


The cell substance is longitudinally but not transversely striated, 
and is covered by a delicate sheath. The fibres are united by 
cementing material, which is stained by silver nitrate, and is bridged 
across by fine filaments passing from cell to cell. 

Unstriated muscle is sonietimos called plain or smooth muscle. 


The Relationship of the Voluntary Muscles to the 
Body as a Whole. 

The voluntary muscles arc tlie executive organs of the body and 
to thorn animals owe their survival. Witliout them we cease to bo 
able to food or ju'otect ourselves or even to communicate with our 
fellows. They obey the dictates of tho nervous system which, by 
moans of the senses, is in touch with the external environment and 
which makes us aware of our needs. The voluntary muscles are in a 
sense the most important structures in the body and, as wo shall see, 
the other organs do but servo them. 

If, liowever, tho muscles are to do external work, they must bo 
su^iplied with energy which they transform. Their own reserves are 
rapidly used up but they can call on stores of fuel elsewhere in the 
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body, but it then becoinos necessary for tlie stores to bo replenished 
from tlie outsid(^ world. 

The stores of oxygen are still more limited, so small, indet^d, that 
the body must obtain oxygen from the atmosjihere continuously. 

Thus we see that although the nius(de-eells (and this really applies 
to almost all the (;ells in the body) are not in immediate contact with 
the external environment they must be indirectly. This takes place 
through the inodium of the blood whudi (drculates to and from those 
jiarts of the body such as the alimmitary ('anal and the lungs which 
are s])e(;ially adapted to obtain supplies of fuel and oxygen from the 
outside world At the same time the blood carries the waste products 
from the muscles to the excretory organs. The cirimlation and 
respiration are then essentially servants and jiriniarily the sm-vants 
of the muscles and, as we slia,ll s(3(y increase and decanase tbeir 
activiti(!S according to muscular ikhhIs. These facts aie of 
fundamental importance in medicim^. 
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CHAPTER IV 


EXCITABILITY AND STIMULATION 

Excitability or Irritability is tho power wliich certain tissues 
possess of responding by some change (transformation of energy) to 
the action of an external agent which, whatever its nature, we call 

the stimulus. 

The nature of the response depends on the nature of tho tissue. 
Some tissues move, some secrete, some discharge electricity, e.y. tlie 
electric organs of some fishes. 

Excitable tissues may bo stimulated by mechanical or chemical 
agencies. They may also bo stimulated by suitable electrical stimuli, 
and ill the study of excitability tho latter stimuli are generally 
used as they do not damage the tissue and are easily controlled. 
Tho tissues in tho body are stimulated by nervous impulses. We 
can see tho response to such stimulation in the nerve to a muscle 
of a frog. It may bo stimulated by a tap or pinch, by a chemical 
agent (acid or salt), by a ilirect or an ind^ fpd curr ent, and 
normally by the nervous impulses which reach it from tho nerve 
centres. When we make a voluntary movement, we cause a nervous 
impulse to pass down an exci table nerve to an excitable muscle. 
Some tissues are specially excitable to certain kinds of stimuli 
rather than to others. Eor example, unstriated muscle is most 
easily stimulated by stretching. Glycerol stimulates nerve but not 
muscle directly ; while ammonia stimulates muscle but not nerve. 

Wo may regard stimuli as Ui>oia>tQrs of e nergy; muscle and 
nerve and other irritable structured undergo aislurbaiices in con- 
sequence of a stimulus. The disturbance is some form of move- 
ment — visible movement in muscle, molecular movement in nerve. 
A stimulus may be regarded as adde^mgtion. Gowers compared it 
to the blow that causes dynamit8“f?ixpnde, or tho match applied 
to a traii^fgujy,mjj^ A very slight blow will explode a largo 
quantilyTTaynamitera very small spark will fire a long train of 
gunpowder. So in muscle or nerve the effect is often out of all 
proportion to the strength of the stimulus; a light touch on the 
surface of the body may elicit very forcible nervous and muscular 
disturbances ; and, moreover, the effect of the stimulus is propagated 
along the nerve or muscle without loss. 

28 
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Electrical Stimulation. 

Stiinulation of an excitable tissue may, as we have seen above, 
be brought about chemically or mechanically, but most conveniently 
by an electric current from a cell or a battery supj)lying 1-2 volts. 
This method has the great advantage that within limits it does 
not damage the tissue and may be repeated many times. It is not 
necessary to descri])o in detail the electrical apparatus. 



Fig. 17 —Diagram of himplo electrical circuit which is complotorl when the 
tissue to bo stimulated is placed across the electrodes K. 


Wires from the positive and negative polos of the cell form the 
electrodes, the former I icing known as the anode and the latter as 
the cathode. 

If the nerve or muscle is laid across the electrodes, the electrical 
circuit is completed and stimulation occurs. The experiment can, 
however, be more conveniently carried out by first laying the nerve 
across the electrodes, and making and breaking the circuit by means 
of a key (lig. 17). 

Jn many experiments it is desirable to vary the strength of 
stimulation, and this can be done most conveniently hy using an 
induced current from a transformer or induction coil. The two 
circuits are shown in lig 18. It is seen that each circuit is quite 

cJ ' J .1 

SC .Ka 



Fig 18 — Circuit to give induced currents C — coll : PC— primary coil : SC— secondary 
coil: E— electrodes : and K 2 -keys in the primary and secondary circuits respect- 

ively. Note that K 2 sliort-circuits the electrodes. 


separate from the other, and it may readily be shown that a current 
only passes in the secondary circuit when an alteration is made 
in the strength of the primary. A current is obtained in the 
secondary only at the “ making ” (closing of the key) and “ breaking ” 
(opening of the key) of the primary circuit. The nearer the primary 
and secondary coils are to one another the stronger is the induced 
current in the secondary circuit. The strength of the stimulating 
current can therefore be varied by varying the distance between the 
two coils. It must be understood that there is no fundamental 
qualitative difference between a direct and an induced current. The 
essential differences are the short duration and the change of direction 
of the induced current which occurs at each make and break. 

It will be observed that a short-circuiting key is used in the 
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secondary circuit. A simple key would not be so elective because 
of the phenomenon of unipolar induction. 

The “ break ” effects are stronger than the make effects ; this is 
easily proved by placing the electrodes on the tongue and is due to 
Faraday’s extra current. This current is produced in the primary 
coil by the inductive influence of contiguous turns of its wire on 
each other; its direction is against that of the battery current at 
make, and so the make shock is lessened. At the break the extra 
current is of such short duration (because when the circuit is 
broken there can be no current at all) that for all practical purposes 
it may be considered as non-existent. 



Fio. 19. — Du Bols Hoymoud’s induction coil. 


The Du Bois Eeymond coil (fig. 19) commonly employed in 
physiological experiments; c is the primary coil, and d and d' its 
two ends, which are attached to the battery, a key being interposed 
for making and breaking ; .<7 is the secondary coil, the two terminals 
of which are at its far end. When one wishes to produce a rapid 
succession of make and break shocks the automatic interrupter 
or Wagner’s hammer seen at the right-hand end of the diagram is 
included in the circuit. 

A difference of strength occurs alternately in the repeated shocks 
produced by Wagner’s hammer (/). This inequality is slightly 
reduced by Helmholtz’s wire (e, fig. 19). 

The interrupter is on the same principle as an electric bell. If 
the wires from the battery are attached to A and E (fig. 20), the 
current passes to the primary coil by the pillar on the left and 
the spring or handle of the hammer as far as the screw (C) ; after 
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going round the primary coil, one turn only of which is seen, it 
twists round a pillar of soft iron on the right-hand side, and then 
to the screw E and l)ack to the ])attory ; the result of a current 
going around a bar of soft iron is to make it a magnet, so it attracts 
the hammer, and draws the spring away from the top screw C, 
and thus breaks the current; the current ceases, the soft iron 



Fid. 20. 


IS no longer a magnet, so it releases the hammer, and contact is 
restored liy the spring; then the same thing starts over again, 
and so a succession of break and make shocks occur alternately and 
automatically. 


Measurement of Excitability. 

Tissues exhiliit considerable differences in excitability to different 
kinds of currents. Smooth musidc, for example, will respond to 
stimulation by a direct current, but not to an induced current 
(sec p. 24). There is no fundamental qualitative difference between 
these two currents. They are merely of different strengths and last 
for different times, the induced current being stronger but of very 
short duration. Sjit'aking generally, it has been found that the 
shorter the period of stimulation the stronger must be the current 
which will produce an effect and vice versa. It has also been shown 
that each tissue may be stimulated by a certain strength and 
duration of electrical stimulation which cannot be varied beyond 
certain limits. It is for such reasons that a current of 10,000 volts 
if very rapidly alternating may not cause death, although a shock 
of 500 volts from the live wire or rail of an electric train may 
be fatal. 

Our knowledge of this subject we owe largely to Keith Lucas 
of Cambridge, and later to Lapicqiie, of Paris, and his co-workers. 
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Tlie latter have introduced the following terms for the measurement 
of excitahility : — 

Rheobase is the intemsity in volts of the weakest constant 
current whieli, if continued indefinitely, will excite. 

Ohronaxie is the minimum time required for excitation by a 
current of twice the intensity of the rheobase 

Rheobase is determined with a battery, voltmeter, and variable 
resistance; for chronaxie some method of stimulating for very 
short periods is needed. A heavy pendulum or spring which knocks 
over a make key and a fraedion of a second later breaks the circuit 
(Keith Lucas) may be used, but the discharge of a condenser is also 
employed. The rheobase for the cut sciatic of the frog is 0’2 to 0’3 
volt, and the chronaxie is 0 3 to 0*4 thousandtlis of a second. 

Clironaxie varies widely in different nerves even in the same 
animal. In general it is least in rapidly contracting muscles supplied 
by large nerve-fibres. Differences are also noticeable in nerves 
treated by various reagents: tliose whicli swell the myelin sheath 
for instance increase the rheobase and shorten the chronaxie. In 
man, Bourguignon found that the extensors have a chronaxie of 
0*1(7 (<7=‘001 sec.) wliile that of tlie flexors is 0*4(7 or more d'he 
relation of these data to tlie activity of the central nervous system 
has not been as yet fully studied. Cutting a nerve roughly doubles 
the chronaxie it possesses in the intact state. 

Difference in excitability explains why degenerated muscle fails 
to respond to faradic stimulation yet responds to a galvanic stimulus, 
also why different results may be obtained when a mixed nerve is 
stimulated by different currents. In the latter instance it may be 
assumed that the nerve- fibres which compose the nerve have different 
chronaxies. It is also claimed that fatigued or curarised * muscles 
have an altered chronaxie and cannot bo stimulated by impulses 
which pass down their nerves See Latigue 

Refractory Phase. — After a tissue, such as a muscle or a nerve, 
has been excited by a stimulus it is refractory for a short space of 
time : that is, it fails to respond to a stimulus. In ordinary muscle 
and nerve this refractory phase is very short, but in cardiac muscle 
it lasts throughout the duration of the contraction. The refractory 
phase is of importance since it gives time in which a tissue may 
recover its power of activity. 

* The (Inig, c'urari, is a Soutli American arrow poison. 



28 


NOTES 


[CH. IV. 



CH. IV.] 


NOTES 


29 



30 


NOTES 


[CH. IV. 



CHAPTER V 


THE CONTRACTION OF MUSCLE 

Normally tlie vohintary muscles contract as a result of nervous 
impulses reaching them from the central nervous system by way of 
their nerves. We can, however, set up a nervous impulse in a nerve 
artificially and so cause the muscle to contract. For this purpose 
we generally use a nerve-muscle preparation, gastrocnemius or 
calf muscle and sciatic nerve of a frog, the muscles and nerves of 
which live for a long time after removal from the body. Strips of 
muscle may, however, be substituted. 

Muscle undergoes the following changes when it contracts : — 

1. Changes in form. 

2. Changes in extensibility and elasticity. 

3. Changes in temperature. 

4. Changes in electrical condition. 

5. Chemical changes. 


Changes in Form. 

The Myograph. — There are many diherent forms of this 
apparatus, which was originally invented by Ludwig and Helmholtz 
to record muscular contraction. 

In each type the bony origin of the gastrocnemius is held firmly, 
usually by a pin through the knee-joint, while the tendo Achillis 
is tied to a weighted lever the end of which bears a writing-point 
such as a piece of parchment paper (fig. 21). This records the 
magnified contractions of the muscle on smoked paper which is 
wrapped round a cylinder. When the cylinder is stationary the 
upstroke and downatroke of the writing-point fall on the same part 
of the surface; but if the cylinder is rotating a muscle curve or 
myogram is obtained. If a permanent record be desired the paper 
may be removed from the cylinder, and the soot fixed by passing 
the paper through a solution of resin in spirit and allowing it to 
dry. The screw on which the lever rests can be adjusted so that 
the lever rests on it till the muscle contracts ; the muscle therefore 
does not take the weight until contraction has begun {after-loading). 
The spindle of the rotating cylinder bears two metal arms which can 
be brought together to form one arm if desired. The free end of 
each arm can be made to press over at one point in the drum’s 
81 
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revolution a key which lies in the primary circuit of the inductorium ; 
thus the muscle can be made to contract once or twice for each 
revolution. The secondary coil should be pulled out until the 
muscle is stimulated by the break shock only. To find the exact 
point of stimulation, the drum is moved round by hand until the 
contact in the primary circuit is just broken. 




Fia. 21.— The Myo^aph and stimulating apparatus. A, Drum; B, platform with nerve-muscle 
preparation; C, induction coil; D, short-circuiting key in secondary circuit ; E, cell. The simple 
key usually inserted in the primary circuit is not shown but the make and break is made by the 
key of the drum. (Kindly supplied by Mr 0. F. Palmer.) 

To keep the preparation fresh during an experiment, it must be 
moistened with normal saline (0'65 per cent. NaCl in water for 
frog’s muscle, this being the concentration of salts in the fluid which 
normally bathes it), or it may be kept in a moist chamber, ie., a 
chamber in which the air is kept saturated with moisture. 

The events recorded in the myogram can be timed. The simplest 
time-marker is a tuning-fork vibrating 100 times a second. This is 
struck, and by means of a writing-point fixed on to one of the 
prongs of the fork, these vibrations may be written beneath the 
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myogram. More elaborate forms of electrical time-markers are 
frequently employed. 

The Simple Muscle Curve. — One of these is shown in fig. 22. 
The muscle was stimulated by a single induction-shock, at the instant 
marked P on the base-line. 

It will be observed that after the stimulus has been applied 
there is an interval before the contraction begins. This interval is 
called the latent period, and when measured by the tuning-fork 
tracing is seen to be about sec. During the latent period there 
is no visible change in the muscle. 

The second part is the stage of contraction proper. The lever 
is raised by the shortening of the muscle. The contraction is at first 
very rapid, but then progresses more slowly to its maximum. 



The next stage is the stage of relaxation. After reaching its 
highest point, the lever descends in consequence of the elongation of 
the muscle. The small waves which follow the main curve are due 
for the most part to the recording apparatus, and are most marked 
when the contraction is rapid and vigorous. 

With regard to the latent period, it should be pointed out that if 
the muscle is stimulated indirectly, ie. through its nerve, some of the 
apparent lost time is occupied in the propagation of the nervous 
impulse along the nerve and across the end plate to the muscle. To 
obtain the true latent period, this must be deducted. Then there is 
latency in the apparatus. It must bo understood that with the 
ordinary class apparatus results are only approximate. Errors arise 
from inertia and friction of the lever. These errors may be excluded 
by photographing the contracting muscle on a sensitive photographic 
plate travelling at an accurately-timed rate or by the use of the 
isometric method (see p. 41). By such means it is found that the 
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true latent period is much shorter than was formerly supposed. It 
is only uf a second or less. 

Actually a sinijde twitch contraction of a froj^’s muscle takes 
only 0 06 sec. and relaxation 013 sec. A mammalian twitch is about 
3 times faster. Such results show the importance of the apparatus 
in experimentation. 

Factors modifying the Character of the Curve. 

1. Influence of strength of stimulus . — A minimal* stimulus is 
that which is just strong enough to produce a contraction. If the 
strength of stimulus is increased the amount of contraction as 
measured by the height of the curve is increased, until a certain 
point is reached (maximal stimulus), beyond which increase in the 
stimulus produces no increase in the amount of contraction. This 
is because the stronger the stimulus, the more muscle-fibres are 
thrown into action and when all the fibres are stimulated the 
maximum is reached. This is not to be confused with the 
phenomenon known as the beneficial effect of contraction (see below). 
In this way a muscle grades its contraction for it has been observed 
microscopically by sprinkling finely divided mercury on the muscle 
that if an individual fibre contracts at all it contracts to a maximum. 
This is known as the .g^ll or no ne ^ ^omenon. which is discussed 
later in relation to cardiac muscle which acts like a single fibre. 

2. Influence of load . — Increase of load within certain limits 
(see p. 42), applied by weighting the lever, decreases the amount of 
contraction, until the muscle is unable to lift it. 

3. Effect of temperature. — Cold at first increases the height of 
contraction, then diminishes it ; otherwise the effect is very like that 
of fatigue, increasing the duration of all stages of the curve. 

Moderate warmth increases the height and diminishes the 
duration of all stages of the curve, latent period included. This may 
be shown by dropping salt solution at different temperatures on 
to the muscle before taking its curve (fig. 23). It must, however, 
be understood that the increased height during the application of 
heat is caused mainly by the mechanical effect of the increased 
speed of contraction. Too great heat (above 42° C.) induces heat 
rigor, from the coagulation of the muscle proteins. 

4. The effect of two successive stimuli . — If a second stimulus is 
applied less than second after the first, there is no response 
because the muscle is refractory during this period ; but if the 
second follows at a sufficient interval of time, each will cause a 
twitch and two simple muscle curves will be written (fig. 24, A) ; the 
second is a little bigger than the first (beneficial effect of contraction). 

* Weaker stimuli are known as subminimal. 
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If the second stimulus arrives before the muscle has finished con- 
tracting under the influence of the first, a second curve will be added 
to the first (fig. 24, B). This is called superpositio7i, or summation 
of effects and occurs with both maximal and minimal stimuli. 

If the two stimuli are in such close succession that the second 
occurs during the latent period of the first, the result will differ 
according as the stimuli are maximal or submaximal. If they are 
maximal, the second stimulus is without effect ; but if submaximal, 
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Fio. 28 —Effect of temperature on the etmple nmscle cur\H Tlie^arinue temperatures are markod 
on the curves C is the point of stuimlatioii ; ami the tmie-traouig again indicates Immlredtlis of 
a second. (See Text.) 

the two stimuli are added together, and though producing a simple 
muscle curve, produce one which is bigger than either would have 
produced separately. This is called summation of stimuli (fig. 24, C). 

5. Effect of more than two stimuli. — If a succession of stimuli 
is sent into a muscle, or its nerve, the results obtained depend on 
the rate at which the stimuli follow one another. If the time- 
intervals between the stimuli are sufficiently great, each stimulus 
will produce a simple muscular contraction. A succession of twitches 
is recorded and the beneficial effect of previous action is exhibited in 
what is known as a staircase (fig. 25, A and B). 

If the induction shocks follow each other more rapidly, the effect 





Fio. 24 —Effect of two successive excitations The two points of excitation (Pj and P 2 )are marked 
ID each case on the base-line In A, Pj and Pa are sufficiently far apart to give separate curvea- 
In B they are nearer together, and superposition is seen. In C they are sufficiently near to give 
summation of stimuli, bubmaxlmal stimuli were used throughout* and the time-tracing in each 
case shows hundredths of a second. 
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is a continuation of the superposition curve already described in 
connection with two successive stimuli. Each successive increment is, 
however, smaller than the preceding, and at last the muscle remains 
at a maximum contraction, till it begins to relax from fatigue. 

A succession of stimuli may be sent into the nerve of a nerve- 
muscle preparation by means of an interrupter. This method of 
stimulation is called faradisation. When tlie stimulation is slow 
the number of contractions corresponds to the number of stimula- 
tions (Fig. 25) ; the condition of prolonged contraction so produced, the 
muscle never relaxing completely between the individual contractions 
of which it is made up, is called tetanus: incomidete tetanus, when the 
individual contractions are discernible (fig. 25, C, 1), and E) ; complete 
tetanus, as in fig. 25, F, when the contractions are so rapid that they 
are completely fused to form a continuous line without waves. 

These results apparently depend on the accumulation and dis- 
appearance of acetyl-choline at the nerve-endings. This substance 
apparently acts as a chemical mediator between the nerve and tlie 
muscle. 

The rate of stimulation necessary to cause complete tetanus varies 
considerably; for frog’s muscle it averages 15 to 20 per second; for 
the pale muscles of the rabbit, 20 per second ; for the more rapidly 
acting muscles of the cat, eg. the internal rectus over 100 per second 
may be necessary (Cooper and Ecclcs). The rate necessary to 
produce complete tetanus is diminished in a fatigued muscle as its 
period of relaxation is prolonged. 

It will be noticed in class work, and in fig. 25 B, that when the tetanus Is 
incomplete there is a tendency for the muscle to shorten— ».«. the relaxation is 
less rapid. This is in part due to fatigue but it is also due to the onset of the 
phenomenon of contracture. This contracture is an active contraction involving 
increased metabolism and it is suggested that permanent changes in the membranes of 
the muscle have occurred. It is readily produced or increased by certain chemicals. 

Voluntary Contraction. — There is evidence that voluntary con- 
traction, that is a muscular contraction made by an effort of will, 
is essentially tetanic in nature. This is best shown by counting 
the number of electrical variations which accompany a voluntary 
contraction, on the assumption that each fundamental unit of the 
contraction has an electrical change as its concomitant. This can 
be accomplished by the use of a very delicate galvanometer. The 
number of electrical variations is then found to be a high one. More 
recently Adrian and Bronk have recorded the current of action of a 
single muscle-fibre by using a special electrode, which can be plunged 
into the muscle, and magnifying up the current produced by a valve 
amplifier. Different muscles appear to vary but the average number 
of electrical variations is about 50 per second.* 

* Gasser and Newcomer found that impulses of 70 per second were produced 
by the diaphragm. 
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F 10 . 25.— Composition of tetanus. These six tracings were obtained on .i sIom iy movng drum from a 
frog s gastrocnemius, which was excited by a succession ofindiKtion shocks By a mechanical 
contrivance the rate of the vibrating spring which interrupted tlie primary circuit of the 
inductonum could be easily varied, and i,he rate of the hammer was increased from about 1 ner 
second in A to 30 per second in F In A, separate twitches are seen; m B, the rate was still 
insulhcient to cause fusion ; in both A and B, the staircase idlect is well seen. In C and 1) the 
rate was sulQciently great to cause incomplete tetanus; in E, tetanus was nearly complete,’ and 
in r It was complete The time-tracing in each case shows half-seconds 
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This view of the tetanic nature of voluntary contraction is 
supported by the fact tliat some nerve-cells when stimulated 
rellexly do not discharge single impulses but groups of impulses. 

Since, as wo have seen, indivulual muscle-fibres contract fully or 
not at all and since fatigue occurs with subminimal stimulation 
(although it is evident that all the fibres are not fatigued but may 
be made to contract by a stronger stimulus), then it is clear that 
a voluntary contraction differs from experimental tetanus in that in 
voluntary contraction the fibres of the muscle are stimulated in 
relays intermittently. , This is suggested also by the irregular nature 



of electrical responses of a voluntary contraction compared with the 
regular nature of the responses in experimental tetanus. 

On the other hand, we know that in a voluntary contraction 
there is not a single nerve unit at work but probably several which 
play an important part in co-ordinating and grading the degree of 
contraction with that of other muscles. 

Sherrington has found that certain nerve-cells (those con- 
cerned with extensor reflexes) have an inherent rate of rhythmic 
discharge which is unalterable, while others (those concerned with 
flexor reflexes) have a rate which, however, can be masked completely 
by imparting to the sensory nerve in a reflex preparation other rates 
up to quite high figures (100 vibrations per second or more). In fact, 
in the flexors the rate of the muscular contractions under artificial 
shocks exactly corresponds to the rate of the stimuli whether they 
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are applied to the motor nerve or to the sensory nerve in the reflex 
arc. A twitch, however, is never elicited reflexly. 

Lever Systems . — Tlic arrangement of the muscles, tendons, and 
bones presents examples of the three systems of levers which will be 
known to anyone who has studied mechanics , the student of anatomy 
will have no difticulty in linding examples of all three systems in 
the body. What is most striking is that the majority are levers of 
the third kind, in which tliero is a loss ot the mechanical advan- 
tage of a lever, though a gain in the rapidity and extent of the 
movement. 

Most muscular acts involve the action of several muscles, often 
of many muscles. The acts of walking and running are examples of 
very complicated muscular actions in which it is necessary not only 
that many muscles should take part, hut that tliey should do so in 
their proper (jrder and in due relation to the action of auxdiary 
and antagonistic muscles 

Elasticity of Muscle. 

The danger of tearing in a muscle or its tendon when the muscle 
contracts is lessened by the fact that the muscle is elastic and 
extensible — and it may be shown, by measuring the increase in 



length which occurs when the muscle is loaded with different weights, 
that it is more easily stretched relatively when it is contracted than 
when it is relaxed. Muscle is thus very difterent from a piece of 
indiarubber which stretches exactly according to the weight placed 
on it. Fig. 27 shows the effect of equal increments of weight in 
indiarubber and in muscle. 
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The Work and Efficiency of Muscle. 

Work (lone by a uinscle may bo expressed in foot-pounds or 
grainnie-centiinetres ac(iording to tlio lieiglit a given weiglit is 
raised, allowan(3e being made for the magndi(;ation by the lever. 
This is tlie isotonic method used in most classes, but it gives only 
approximate results because of the work done in overcoming tlie 
inertia and friedion of the lever system. 

In more accurate investigations, therefore, the muscle is not 
allowed to shorten, and the work is measured in terms of the tension 
exerted at its extremitii^s. This is known as the isometric 7 nethod. 

The musido is made to jiull against a s])ring which it can only 
move to a very slight extent Th(5 slight movement is greatly 
magnilied by a hmg lever or by a beam of light reliected from a 
mirror on the spring 

It is considered better to regard the end-product of muscle 
contraction as potential energy set free (A. V. Hill). The results 
are, however, very similar to those obtained by the ordinary isotonic 
method in which the mus(*Je is allowed to shorten. ^Many attempts 
have been made to calculate tlie energy set free on contraction by 
making use of the heat produced during contraction. The whole 
problem is complicated by the fact that in different circumstances 
different amounts of energy are at the disposal of the muscle and 
accurate results are therefore difficult to obtain. 

The isometric investigations have, however, emphasised that of 
the total work done by a muscle, only a part appears as external 
work, e g., the lifting of a load. A Large proportion is required to 
overcome the viscous resistance of the muscle itself. We may 
compare the loss to the energy wasted in stirring a viscous fluid 
compared with a non-viscous fluid at the same speed. Further, the 
more rapidly we stir, the more energy is wasted in this way. It 
follows, therefore, that the more slowly a muscle contracts, the more 
energy may appear as external work, and there is an optimum 
rate of contraction. 

It can he shown that human muscles have a similar optimum 
rate of contraction or speed of movement and that exercise, e.g. 
walking faster or slower than our optimum, is wasteful and involves 
the use of extra oxygen and fuel. This fact is of great importance 
in industry, and in long distance racing, although other factors, such 
as co-ordination of muscles, also enter into the problem. It is 
interesting to remark that the practical optimum for marching 
(120 paces per minute) recognised by the Army corresponds to the 
theoretical optimum found by physiologists. The fatigue we experi- 
ence from walking very slowly depends on a variety of causes. 



42 THE CONTRACTION OK MUSCLE [CIL V. 

A rise of temperature, ])y increasing the rate of contraction, 
diminishes the amount of external work done. 

In measuring the total realisable work of a muscle accurately, a 
simple lever system with a fixed load is not satisfactory, since it 
does not permit of proper utilisation of the elastic energy. This 
difficulty IS overcome by tlie use of the inertia lever. By it, the 
muscle contracts against the inertial resistance of a heavy balanced 
lever. The muscle has to overcome the inertia of the system at 
the beginning of the contraction, when its force is maximal, and 
subseipiently has only to accelerate its movement. At each stage 
of its contraction, the muscle is opposed by a force which it can 
just overcome. The system may be weighted and the inertia varictl, 
so that the maximum load and the maximum shortening are obtained. 
Since the inertia and weight of the system are known, the work done 
can be calculated from the height to which the lever is raised. 

In the body some of the muscles act isotonically and some 
isometrically. Bor instance, in the muscles which move the arms 
shortening is important, while in those wliich move the jaws tension 
IS the more important. The latter are characterised by a largo 
number of short fibres which converge like the barbs of a feather 
on its quill, while in muscles which shorten greatly the fibres are 
relatively longer, fewer, and almost parallel. Some muscles are of 
mixed charachu'. 

The effect of load on tlie work done depends largely on the way 
in which tlie load is applied to tlie muscle. The weight may be 
allowed to stretch the resting muscle, in which case the muscle is 
said to bo free-weighted ; or the lever may 1)6 supported so that the 
muscle is not stretched until the contraction begins. Then the 
muscle is said to be after-loaded. 

The following figures are taken from an actual experiment done 
with free-weighted gastrocnemius by the isotonic method (Weber)* — 


Weight Uaotl 

Height. 

Work done. 

5 grammes 

27*6 millimetres 

138 gramme-millimetres 

15 

25*1 

376 

25 

11*45 

286 

30 

1 

7*3 

219 


The work done is found by multiplying the weight by the height 
through which it is raised. In carrying out the experiment 
allowance must be made for magnirication, which depends on the 
length of the lever. 

The work increases with the weight up to a certain maximum. 



CH. v] 


THE WORK AND EFFICIENCY OF MUSCLE 


43 


after whie.h a (liimimtion oceurs, more or less ra[)i(lly, accordinj^ as 
tlu^ muscle is fatiouocL 

If the load is allowed to stretch the resting muscle it is found 
that the mechanical work performed is increased and it is to be 
observed that when wo wish to obtain the maximum effect we 
commonly stretch our own muscles prior to use. It will be seen 
later that this ability of muscle to respond within certain limits to 
increased load is of great importance in the case of the heart and the 
intestine 

By the isometric method it is shown that there is an optimum 
length at which a maximum tension is produced, and it has been 
found by Ilartree and TIill that at the optimum length the largest 
amount of heat is produced. An imu-eased load up to a certain point 
also increases the work done by slowing down the rate of contraction, 
for as wo have seen slow contractions are more economical than 
fast as less heat is produced in overcoming viscosity. 

The muscle, regarded as a machine, is sometimes compared to 
artificial machines like a steam-engine A steam-engine is supplied 
with fuel, the latent omwgy of which is transformed into work and 
heat. The carbon of the coal unites with oxygen to form carbonic 
acid, and it is in this process of combustion or oxidation that heat 
and work are liberated. Although the analogy between muscle and 
a steam-engine is by no means an exact one, nevertheless it may 
stand for our present purpose. 

Relaxation.— So far we have been speaking as though the only active phase of 
muscular contraction were the period of .shortening. It is, however, extremely 
probable that lengthening is also an active process. This was originally mooted 
by Kick, who pointed out that the fall of a muscle lever during the relaxation 
period is of variable speed, and is obviously not due to the passive elongation of the 
muscle by gravity ; the way in which tliis part of the curve is varied by such 
agencies as temperature, and drugs like veratrme, also indicates that relaxation is 
an independent process. 


The Electrical Phenomena of Muscle. 

Wo have seen that the chemical processes occurring in muscular 
contraction lead to a transformation of potential energy into work 
and heat. These changes are accompanied hy electrical disturbances 
also. 

The history of animal electricity is really part of the history of 
the discovery of electricity. It dates from 1786, when Galvani 
made his first observations. Galvani was Professor of Anatomy 
and Physiology at the University of Bologna, and his wife was 
one day preparing some frogs’ legs for dinner, when she noticed 
that the apparently dead legs became convulsed when sparks were 
emitted from a frictional electrical machine which stood near. 
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Galvaiii llieii wished to try the effect of lightning and atmospheric 
electricity on animal tissues. So lie hung up some frogs’ legs to 
the iron trellis-work rouml the roof of his house by means of copper 
hooks, and saw that they contracted whenever the wind blew them 
against the iron. He imagined this to he due to electricity secreted 
by the animal tissues, and this new principle was called Galvanism. 
But all his contemporaries did not agree with this idea, and most 
prominent among his opponents was Volta, Professor of Physics at 
another Italian university, Pavia. He showed that the muscular 
contractions were not due to animal electricity, but to artificial 
electricity produced by contact with different metals. 



Fio. 28 — Diagiam of string gahanometor arranged to show tlio current of action of an injured 
iimsclo o, a la the sihcrcd quartz string; A and B are the electro-magnets ; a microscope is 
placed in the hole Ixircd through A ; L is a source of light, and S the screen upon which the 
uiagniiled image of the string falls ; M is the muscle. 


The controversy was a keen and lengthy one, and was terminated 
by the death of Galvani in 1798. Before ho died, however, he gave 
to the world the experiment known as “contraction without metals,” 
which we shall study presently, and which conclusively proved the 
existence of animal electricity. Volta, however, never believed in it. 
In his hand electricity took a physical turn, and the year after 
Galvani’s death he invented the Voltaic pile, the progenitor of our 
modern batteries. Volta was right in maintaining that galvanism 
could be produced independently of animals, but wrong in denying 
that electrical currents could be obtained from animal tissues. 
Galvani was right in maintaining the existence of animal electricity, 
but wrong in supposing that the contact of dissimilar metals with 
tissues proved his point. 

This conclusion has been arrived at by certain new methods of 
investigation. In 1820 Oersted discovered electro-magnetism : when 
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a galvanic current passes aluiig a wire invar a inagiuit.ic needle, the 
needle is dcHectcd one w.iy or the other, aecor<ling to the direction 
of the current. This led to the invention of the astatic needle and 
the ordinary mirror galvanometer which is used in every physical 
laboratory for tlie detection of small electric, currents. 

The String Galvanometer. — In the ordinary galvanometer, by 
which electric currents may be detected, the current passes through 
a fixed coil of wire, and deflects a small magnetic needle suspended in 
the centre. This arrangement can be inverted, the magnet being large 
and fixed, and the coil small and movable. The string galvanometer 
of Einthoven is a development of this type. The coil is reduced 
to a single thread of glass {a, a fig. 28), coated with gold on the 
surface so as to conduct the current. In less delicate apparatus a 
copper or platinum string may be used. It hangs between two largo 
electro-magnets which give a very intense ‘Uiold.’' Whenever a 
current passes along the thread, it moves 
across the magnetic field, the aide to which 
it moves varying according to the direction 
of the current. The thread is illuminated 
by a strong light, and magnified by a 
microscope, which throws tlio image on to 
a screen. If a record of the movements is 
desired, the shadow of the string is thrown 
upon a slit behind which is a vertically 
moving photographic; plate. 

The Cathode Ray Oscillograph will 
probably replace all other means of electrical 
recording, since having no moving parts 
its records are instantaneous and it is 
much less easily hroken than the extremely 
delicate string of the string galvanometer. 

A cathode ray apparatus consists essentially of 
a beam of electrons emitted in a vacuum from 
a filament. The beam passes between plates 
and the application of a potential difference 
to the plates causes the beam to be deflected, 
the detiection being recorded on a moving 
photographic film. The currents must first 
be magnified by a valve amplifier. 

Many of the actual investigations have 
been carried out by means of the capillary 
electrometer. The capillary electrometer consists essentially of a 
fine glass capillar}^ containing mercury dipping into acid whicli 
flows down it as far as surface tension will allow. If the mercury 
is connected by means of wires to two points of different potential 



1 Capillary tulxi, fixed in 
outer tube containing 10 per 
cent sulphuric acid; the plati- 
num wires are also shown. 

2. Capillary and column of 
mercury a.s seen in the field of 
the microscope. 
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(fij^ 29), tlio iiieiiisciis moves to the negative pole and the movement 
may he j)h(»t()graphed. Ih^eoids taken hy this instrument liav(^ to 
\h\ aualysiid as tlui imutia of th(i m<u‘cury e.iuses it to move slowly. 
Fig. 31 sliows an actual reconl, A, and its interpretation. 

Non-Polarisable Electrodes — If a galvanometer is connected 
with a muscle by wires which touch the muscle, electrical currents 
are obtained in the circuit which are set up by the contact of imdal 
with muscle. The currents so obtained form no evidence of electro- 
motive force in the muscle itself. Moreover, the passage of an 
electric current through the tissue causes electrolysis with the 
movement of ions, the positive ions (^.//. Na') passing to the kathode, 
the negative {e.(/. CT) to the anody There they give up their charges 
and chemical reactions occur, so^hat a minute gas liattery is formed 



Fui 80 - Oiu' of a pair of uon-polansable olectrodos. In this form a zmc rod dij)-? uito 
/me sulpliato in a pit'c'f of glass tubing ono end of wbicb is (doseii by a cork and the 
otlicrwitb Kaolin soaked in saline. Out of the latter them pass to the niU8(dc.s or 
ner\e a few strands of f.it-fiee wool soaked in saline Any Zn whudi is set free 
beconioa deposited in the electrode ainl any SOj in the other electrode acts on the 
electrode slightly The production of gas is thereby avoided 


which interferes appreciably with the current under investigation. 
By the use of non-polarisable electrodes this may be prevented. 
In modern work silver chloride electrodes are used. These consist 
of silver wire previously coated electrolytically with silver chloride. 
When, therefore, sodium chloride is broken up the Na' and CT ions 
merely form sodium chloride and silver chloride and no further 
reaction takes place. In the older form of Du Bois Eeymond 
amalgamated zinc dipping into zinc sulphate solution was connected 
to the tissue by china clay soaked in physiological salt solution. 
Electrodes on this principle are still used in taking records of heart 
currents. 

Eig. 30 shows a convenient form of the latter variety. 

Current of Action. — In a muscle removed from the body, it is 
found that on leading off two parts of its surface to a galvanometer, 
the needle (or in the string galvanometer, the string) usually 
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moves; this indicates that the two parts of the muscle are not in 
the same state of electrical potential, and therefore a current Hows 
when the two parts are connected hy a conducting wire; the 
most marked result is ohtained when the lonj^itudiual suifaco is 
connected with one or other of the cut ends 


as in fig. 28. Tills is the current of injury ; an 
injured portion of a muscle, such as the cut 
end, resembles the zinc in a zinc-copper cell, 
and is therefore yalvanometrically neyatvve in 
contrast to the uninjured centre. Tlie longi- 
tudinal uninjured surface tlius corresponds to 
the copper of a J)aniell cell, and the electrode 
attached to it is the positive pole, it may 
therefore lie spoken of as (jalranometriraUy 
•positive Tliis is indicated in the diagram hy 
the -f- and ~ signs, and the direction of tlio 
current is shown hy arrows. 

Du Dois Keymond further dcmonstrate<l 
that when the injured muscle sliowing its 
injury current was made to contract tetanic- 
ally, a current was sot up in the opposite 
direction which caused the galvanometer 
needle to return towards its previous position. 
This lessening of the injury current he spoke 
of as the negative variation, lait it is now 
more usually termed the current of action. The 
essential cause of the current of action is that 
active portions of a muscle become (like 
injured portions) galvaiiometrically negative 
in contrast with the portions of the muscle 
which are at rest. 


B 



c 


Fio. 31 — Tho i)hotoKriii)liic 
«'lt‘<-trom*it(*r cur\o of tlio 
diphasic variation, and its 
intcrpn-tation A is th« 
actual record obt.iiiif'd from 
the electrometer; B and C 
imlicatH till) chant'es of 
potential which must have 
occuirefi to produce A 


The electrical change during a twitch is called a dip)hasic 
variation. The contracting part of a muscle liccomes first more 
negative (galvanometrically) ; it then rapidly returns to its previous 
condition. The change indicates a disturhance of the stability of the 
tissue; its disappearance is the result of a return of tho muscular 
tissue to a state of rest. If the muscle is stimulated at one end, a 
wave of contraction travels along it to the other end. The electrical 
variation travels at the same rate as the visible contraction, but 
precedes it. 

Suppose two points (jti and d) of the muscle (fig. 32) are 
connected by noii-polarisable electrodes to a string galvanometer, 
and that tho muscle-wave is started hy a single stimulus applied 
at A ; just before the visible wave reaches p this point becomes 
galvanometrically negative to d, and therefore a current flows from 
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d to p through the galvanometer G. A moment later the two points 
are eqiii-potential and no current flows, a minute fraction of a 
second * later this balance is upset, for when the wave reaches the 
point d, that point undergoes the same change, and the galvanometer 
needle moves in the opposite direction. 



If, however, instead of examining the electrical change in the 
muscle in the manner depicted in fig. 82, one electrode is placed on 
the uninjured surface and the other on the cut end, the electrical 
response is a dilforent one. 

Under these conditions, the electrical change is a monophasic 
variation, for when the muscle-wave reaches the cut end, this part 



Fio. 84.— Record of iiyured sartorius during tetanus, taken by capillary 
electrometer. (Burdon Sandersoti.) 


of the muscle, owing to its injured state, does not respond to the 
excitatory condition, and the electrical response is also extinguished. 
If the muscle is thrown into tetanus a series of monophasic 
variations is produced (fig. 34). 

The employment of instruments of precision, like the capillary 
electrometer and string galvanometer, has enabled investigators to 
ascertain the time of onset and duration of the electrical disturb- 
ance ; this precedes the actual shortening of the muscle, occurring 

* The time varies with the distance between p and d. 
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chiefly during the latent period, and it is completed long before the 
visible contraction is over. This is well shown in the next diagram 
(fig. 35) in which the muscle curve (M) is seen with its accompany- 
ing electrogram taken with the string galvanometer. 

Muscle is not the only tissue which exhibits electrical pheno- 
mena. A nerve which is uninjured is iso-electric ; injury causes a 
current of injury ; activity is accompanied by a similar diphasic 



Fig. 85.— Frog’s gastrocnemius stimulated by an induction sliock at P, applied to tlie sciatic nerve. 
T is the time-tracing marking sec M is the tracing of the myograph lever, and the beginning 
of the simple muscle curve is seen after the usual latent period. 8 is the diphasic electrical 
response described by the string of a string galvanometer; this occurs during the latent period of 
the muscle. (After SamojlofT.) 


wave travelling along the nerve simultaneously with the nervous 
impulse. The activity of secreting glands, vegetable tissues, retina, 
etc., is accompanied with somewhat similar electrical changes, which 
wo shall study in detail later. 

The most prominent exhibition of animal electricity is seen in 
the electric organs of electric fishes. In some of these fishes the 
electric organ is modified muscle, in which a series, as it were, of 
hypertrophied end-plates corresponds to the plates in a voltaic pile. 
In other fishes the electric organ is composed of modified skin glands. 
But in each case the electric discharge is the principal phenomenon 
that accompanies activity. 

Galvani's contraction without metals. If the nerve of a nerve- 
muscle preparation A is held by a glass hook upon another muscle 
jB (fig. 36) or upon its own muscle, it will be stimulated by the 
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injury current of the muscle on which it is held, and this leads to 
a contraction of the muscle (A) which it su})phes. The experiment 
succeeds host if the nerve is dropped across a lon^u:itudinal surface 
and a fresldy made transverse section. 



Fin 3») — Oahaiii’H cxixTiiiu'iit witliout 

SeroiKhiiy contra iiion. This is caused by the current of aedion. 
If, while tlie nerve of A is restini^ on the muscle 1> (li^. 37), tlie 
latter is made to contracd. by the stimulation of its nerve, the nerve 
of A IS stimulated by the (dectrical variation which a(!(;ompanies 



the contraction of the muscle T>, and so a contraction of muscle A 
IS produced, d'his is called secondary contraction. 


Chemical Changes in Muscle. 

The junior student who is not familiar with organic chemistry 
may omit this section at this stage. 

It has long been known that when a muscle is made to contract 
acid is produced. 

Considerable changes have occurred in the last few years in the 
chemical theory of contraction. It now appears likely that the 
process of contraction may not involve a chemical change, but is 
brought about b}' the “ discharge ” of some physical system, and that 
the chemical changes constitute a succession of stages in the recovery 
of the muscle. The first stage known with certainty is the hydrolysis 
of creatinephosphoric acid, and the energy liberated in this reaction 
is used to reconstitute the contractile mechanism. In a muscle 
deprived of oxygen and poisoned with iodoacetate (a drug which 
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iiiliibits lactic- acid forinatioii), no siibs(H[uonfc Kt;i|;c of recovery 
appears })ossibl(^, <iiid sucli a musebi dies as soon as its sn]iply of 
creatinephosplioric acid is used nj). 

A normal muscle similarly deprived of oxygen can proceed to a 
second stage (taking aliout 20 seconds) following relaxation. This 
is the conversion of glycogen to lactic- acid, in which the cmn'gy 
liberated is used to resyntla^sise the creatinephosplioric acid broken 
down. This stage may not occur in a frt'sh muscle but is called into 
play more and more ellectively as the muscle liecoines depleted in 
creatincphusjihoric acid. 

If the muscle is now allow"^ oxygen it proceeds to obtain energy 
by combustion (of any foodstuff, but preferably carbohydrate) 
wherewith to reconstitute all its c,reatinephos])horic acid and glycogen 
stores. This linal stage of recovery is not very eflicient. About 
half the energy of combustion is waste<l as heat. If ample oxygen 
is present at the start it seems that the intermediate processes can 
be in some degree short-circuiti‘d and the oxidative energy used 
more directly for reconstitution of tlu^ original state. 

This view, which harmonises with ]>ractically all the evidence 
obtained from isolated muscles, intact animals, alid man, is based on 
such facts as the following: — ■ 

1. Ill muscles poisomul with lodoacetate and ch^prived of oxygon, 
the energy liberated in contraction is strictly proportional to the 
extent of creatinephosplioric acid hreakdown, but this lireakdown 
occurs, at least in part, immediately after relaxation is over 
(Lundsgaard). 

2. Normal muscles dei>rived of oxygen produce lactic acid in the 
20 seconds following a twitch or short tetanus (Embden, Meyerhof 
and (Others). 

;k The oxidative recovery heat is about half the total heat 
associated with a contraction (Hill). 

4. Ill the absence of oxygen very little heat is produced hy a 
muscle after relaxation is com])lete — i.e, the “delayed anaeroliic heat” 
is very small (Hartrec; Hill). Jt is during this period that two 
reactions are known to occur : 

(a) glycogen — lactic acid + energy 

(b) energy 4- creatine + inorganic phosphate — > creatinejdios- 

phoric acid 

and the smallness of the delayed anaerobic heat is thought to 
indicate that the energy released in (a) is used, with practically no 
waste, to drive reaction (b). 

5. lodoacetate produces no noticeable effect of any kind on 
muscles adeipiately supplied with oxygen (Hill; Meyerhof; Clark, 
Eggleton and Eggleton ; and others). 
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6, 111 man, oxygen debts of less than 2 3 litres are not accom- 
panied by the ap})earaiiec of any lactic acid in the bl(»od. With 
larger de])ts the lactic acid aciciimulation is proportional to the excess 
of debt over this ligure. The "‘alactacid” debt is probably accounted 
for by a depletion of the store of creatinephosphoric acid in the 
muscles (Margaria, Edwards and others). 

Normally in severe exercise the circulation carries away neutralised 
lac.tic acid which may be rcsynthcsiscd in other tissues, especially the 
liver, or may be excreted in the urine. 

That carbohydrate is the chief source of muscular energy is 

shown by the fact that the respiratory quotient 

p. 288) during the total period of exercise and recovery is unity, 
if, however, the exorcise is })rolonged the respiratory quotient may 
be less than unity, showing that substances other than carbohydrates, 
notably fat, can be used. During the period of actual exercise the 
respiratory quotient is often greater than unity; this is especially 
true of severe exorcise, and is to bo explained by the increased 
breathing winch causes carbon dioxide to be swept out in unduly 
largo amounts. The increased breathing is due to lactic acid 
entering the blood and presumably raising its H-ion concentration 
(Hill, Long, and Lupton). Conversely, during the recovery period 
the 11 Q. may fall below unity because of the retention of carbon 
dioxide in the body. {See Ileaction of the Blood.) 

Fatigue of Muscle. (See p. 89 ) 


Thermal Changes in Muscle. 

A muscle when uncoiitracted may not be at absolute rest ; 
chemical changes occur in it, and consequently heat is produced. 
There is a transformation of the potential energy of chemical 
affinity into other forms of energy, especially molecular motion 
and heat. But when muscle contracts, the liberation of energy is 
increased; work is done, and more heat is produced; the heat 
produced represents more of the energy than the work done. 

On a cold day one keeps oneself warm by exercise ; in fact the body 
temperature may go up temporarily V to 2° as a result of muscular 
activity. 

For the detection of small rises in temperature, a thermopile, and 
not a thermometer, is employed. 

A thermopile consists of a junction of two different metals such 
as antimony and bismuth; the metals are connected to a galvano- 
meter. If one junction is heated and the other not an electrical 
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current passes riuind the (urcuit and is detected ])y tlie galvano- 
meter. If the luimher of junctions in the circuit is increased, 
and one sot is heated, the electrical current is increased through 
the galvanometer. The arrangement is sliown in fig. 38 

Needle-shaped couph^s may he plunged into the muscles. In 
modern work the muscles may he laid on a number of junctions 
in series and wound round a vulcaniti; support, and the apparatus 
enclosed in a cliamber such as a thermos flask to prevent heat loss 
(Hill), and keep the outer junc.tions at constant temperature. 

In the thermopile of A. V. Hill, tlie combination used is copper 
or otlier metal and an alloy known as constantan (an alloy of 
copper 60 per cent, and nickel 40 per cent.). By employing 


Diagram 1. Diagram 2. 



Diagram 3, 



Flu 88.— Diagrains to illmtrato the principle of thermopiles. 


a large number of such junctions in connection with a mirror 
galvanometer, it is possible to measure the heat produced even in 
such small muscles as a frogs sartorius, the amount of deflection 
by known quantities of heat being sulisequently determined Tlie 
responses of this delicate instrument are recorded photographically 
and are so immediate, that it is also possible to ascertain the time 
when the heat formation occurs. 

The important result has been obtained that not only is heat 
produced during the mechanical response (initial heat), but also after 
(recovery heat). The latter is associated with the processes which 
accompany recovery and requires the presence of oxygen; but the 
initial heat like the contraction is produced independently of the 
presence of oxygen. The amount of heat is approximately pro- 
portional to the duration of the stimulus and to the tension produced. 
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If a mus(4e is not allowed to slioiten when it ('ontraets all the 
energy ex})einle(l appears as Ijeat, but if it is allowed (o contract 
at an o])tiniuni rate (see ]). 41) to prevent loss due to viscosity 
})ractically all the initial heat appears as work and it has been 
calculateil that the mechanical efhciency of muscle is on the average 
about 40 per cent. 

An ordinary locomotive wastes about 96 per cent of its 
available energy as heat, only 4 per cent, being represented as work. 
In the best triple-expansion steam-engine the work done rises to 
12 ‘5 per cent, of the total energy. 

Thus muscle is more economical than the best steam-engines , 
but the body has this great advantage over any engine, for the heat 
it produces is not wasted, but is used for keeping up the body 
temperature, the fall of which below a certain point would leatl to 
death, not only of the muscles but of the body generally. 

Ill most engiiK^s much heat is lost and is so much wasted energy. 
In the body the heat is of value to maintain metaliolic processes. 


Rigor Mortis. 

After death, the muscles gradually lose their irritability and pass 
into a contracted condition. This alfeets all the muscles of the body, 
and usually lixes it in the natural posture of equilibrium or rest. 
The general stihening thus produced constitutes riyor mortis or post- 
mortem my id it y. 

Tlie cause of rigor is the coagulation of the muscle-plasma, which 
is more fully described in the next section. This coagulation results 
in the formation of myosin, and is gradual in onset. Simultaneously : 
(a) the muscles hccome shortened and opaque; (b) heat is evolved; 
(c) the muscles yive off carhoniv acul, and (d) become acid in reaction 
(tins is due in part to the formation of sarcolactic acid, and 
in part to the formation of acid phosphates) , (c) ylycoyeri 

disaj)})cars. 

After a varying interval, the rigor passes olf, and the muscles 
are once more relaxed. This sometimes occurs too quickly to 
be caused by putrefaction, and there is very little doubt that it 
is really tlio first stage in the self-digestion or autolysis which 
occurs in all tissues after death, owing to the presence of intra- 
cellular enzymes or ferments. It is known that a pepsin-like or 
proteolytic enzyme is present in muscle, as in many other animal 
tissues — kidney, spleen, etc. (lledin) — and that such enzymes act 
best in an acid medium. The conditions for the solution of the 
coagulated myosin are therefore present, as the reaction of rigored 
muscle is acid. 
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Order of Occurrence — All the muscles are not affected simul- 
taneously by rigor mortis. It affects the neck and lower jaw first; 
next, the upper extremities, extending from above downwards , 
and lastly, roaches the lower limbs , in some rare instances, it 
affects the lower extremities before, or simultaneously with, the 
upper extremities. It usually ceases in the order in which it 
begins ; first at the head, then in the upper extremities, and lastly 
in the lower extremities It seldom commences earlier than ten 
minutes, or later than seven hours after death, and its duration 
is greater in proportion to the lateness of its accession. 

Tlic occurrence of rigor mortis is not prevented by the previous 
existence of paralysis in a part, provided the paralysis has not been 
attende<l with very imperfect nutrition of the muscular tissue. In 
a deeply narcotised, e.//. chloralosed, animal the onset of rigor mortis 
IS much delayed, and the tissues may remain excitable for long 
periods (Hemingway and McDowall). It has been observed by 
Hoet and Marks that in animals dying after prolonged thyroid 
feeding or after hypoglycicmic convulsions there is no increased 
acidity of the muscle, yet rigor occurs; it is suggested that the 
disappearance of glycogen rather than increased acidity is responsible 
for the production of rigor mortis, although in ordinary rigor both 
occur together. Higor ocimrs most readily in fatigiuid muscles, cjj. of 
hunted animals, in which the glycogen content is low and the acidity 
high. 


Chemical Composition of Muscle 


The general composition of muscular tissue i.s : ~ 

Water 
Solids 

Proteins 
Gelatin 
Fat . 

Extractives . 

Inorganic salts 

The extractives comprise a large number of organic substances, all present 
in small quantities, some of which are nitrogenous, such as creatine, creatinine, 
xanthine, and hypoxanthine : the rest are non-mtrogenous— namely, fats, glycogen, 
glucose, inositol, and the variety of lactic acid known as sarcolactic acid. The 
inorganic salts are chiefly salts of potassium, especially potassium phosphate. 

By fractional heat coagulation and studies of solubilities in neutral salt solutions 
Halliburton .separated .several proteins from muscle plasma — 

Paramyosinogen ; a globulin which coagulates at 47'"C. 

Myosinogen : a globulin-hke protein which coagulates at 56 ' C. 
Myoglobulin ; precipitated by heat at 63" C. 

In addition there are albumin and myoalbumin, nucleoprotein from the nuclei, and 


18 
I 2 to 


per cent. 


75 per cent. 
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hapmoglobin from the blood which, with similar pigments, e.g. cytochrome, give 
muscle its red colour. If a muscle be heated in saline while attached to a lever it 
is seen to go into complete heat rigor in stages corresponding to these coagulations. 
This shows that proteins of plasma arc in the actual muscle substance. 

The spontaneous coagulation of muscle known as rigor mortis^ which occurs at 
death, is the result of changes in the paramyosinogen and myosinogen. This 
coagulation of muscle protein corresponds to and is affected by almost the same 
conditions as the coagulation of the blood, except that myosinogen passes through 
<i soluble stage during which it is coagulated at 40 'C. 
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INVOLUNTAKY OR UNSTRIATKD MUSCLE 

'I'liE main (lil'forcncc l>elwcen voluntary and involuntary muscle is 
the (lifrerence expressed in their names. Voluntary muscle is under 
the control of that portion of the central nervous system whose 
activity is aiicompanied liy volition. Involuntary muscle, unstriati^d 
and cardiac, on the other hand, may contract independently, hut is, 
as a rule, also under the control of a portion of the central nervous 
system whose activity is independent of volition. 

Another characteristic of involuntary muscle is a tendency to 
regular alternate periods of rest and activity, or rhythinivality* This 
is best exemplified in the heart, hut it is present in all smooth 
muscle. In this respect it is like cardiac muscle. Those smooth 
muscles commonly studied are those of the uterus, the largo arteries, 
the intestine and the retractor penis (of the cat or dog). They are 
(jliosen because of the case with which tlieir movements can bo 
recorded when they are removed from the body. In the body, how- 
ever, it is possible to devise means of recording or observing the 
movements of many of the internal organs, hut their reactions are 
usually complicated hy their environment. 

The usual method of studying smooth muscle is to suspend it 
in a bath of Kinger’s solution {i.e. a saline solution of certain com- 
position) which is kept at the temperature of the animal from which 
the preparation has been derived and through whicli oxygen is 
bubbled. 

This method is used extensively in the case of the guinea-pig’s 
uterus upon which drugs like pituitary extract are standardised. 

It is indeed possible to obtain nerve muscle preparations of 
unstriated muscle such as that used by MeSwiney, by Kobson, and 
by Finkelmann. These workers used pieces of stomach and of 
intestine with the vagus and splanchnic nerves attached. 

The properties of unstriated muscle have been studied particularly 
by Evans, by Brocklehurst and by Winton. The excitahility of 
unstriated musch^ is much less to (dectrical stimuli tlian striated 

* Under special conditions, voluntary niusclc.s may show rhythniicality. If one 
end of the .sartorius of a curarised frog is dipped into B^darmanrCs fluid, it contracts 
rhythmically in a manner analogous to the heart. This tluid has the following 
composition: — Sodium chloride 5 grams, alkaline sodium phosphate 2 gr., sodium 
carbonate 0 5 gr., water 1 litre. 
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muscle. Single induction shocks are often ineffectual in producing 
contraction while the make of a constant current may act as a 
stimulus. The break is less effective as it is of shorter duration. 
The chronaxie of unstriated muscle may be from 1-3 sec. compared 
with ‘005 HOC. for striated muscle. On the other hand it responds 
much more readily to chemical stimuli than striated muscle. 

Successive effective stimuli are sumniated very markedly, a com- 
pletely fused response corresponding to a tetanus being obtained by 
very slow stimuli — about 1 in 10 si^cs. The duration of the ordinary 
isotonic response is often very long, but varies very much in different 
tissues and animals 

Unstriated muscle in the body e.xliibits the remarkable property 
of going in a tetanic-like sustained contraction known as tonus. 
A severe variety of this may occur in the case of tlie largo colon 
when it becomes very irritated and may cause very great pain. In 
some persons whoso abdomens are thin and lax the contracted colon 
may be felt like a sausage under the hand. After the foetus is born 
such contraction of the uterus is a most important asset in arresting 
luemorrhago. It occurs also in blood-vessels. 

The fibres of unstriated muscle are not isolated from each other 
like those of striated muscle but are linked together into masses or 
sheets. A graded resjmise to different strengths of stimulus is 
therefore not obtained and there is a tendency for the contraction to 
spread throughout the whole muscle. Why it is sometimes limited 
to one region, as in the instance just quoted, is unknown. 

Unstriated muscle is markedly affected by compression or stretching 
wliich acts as a mechanical stimulus. The tension which the muscle 
develops when it contracts is, as in the case of striated muscle, greatly 
increased by an increase in its initial length. The powerful con- 
tractions of the intestines which are caused by saline purgatives are 
produced by the stretching which is the result of the saline attracting 
water into the lumen of the gut. Vegetables and fruit, the cellulose 
of which is not digested, benefit intestinal movements in the same 
way. The uterus may bo caused to contract by compressional 
massage, a procedure commonly adopted. 

Within physiological limits unstriated muscle is generally relaxed 
by heat, a fact which is made use of clinically in the relief of 
spasm. Cold tends to cause contraction, as do also rapid changes 
of temperature. 

Although smooth muscle contracts independently when isolated 
from the nervous system its contractions tend to be irregular and 
spasmodic. In the body the smooth muscle of organs is controlled 
by nerves belonging to the autonomic nervous system. In this way 
their activities are correlated to the general requirements of the body. 
There is invariably a dual nerve supply, one of which is inhibitory 
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and tlie other aiigmeiitary. The exact action of these nerves has by 
no means yet been worked out and is greatly complicated by the 
fact that not only may the same nerve have dilTerent actions on 
different organs or parts of organs hut the action may ilepend very 
materially on the state of the organ at the time of experiment, as 
shown by McSwinoy and his co-workers. 

The thermal and rhenunil <hani/r>i which occur in unstriated 
muscle are, so far as has been ascertained, essentially the same as 
those of striated muside A particularly interesting fact is, however, 
that the sustained contraidion known as tonus apparently takes 
place with no increased expenditure of energ}, nor is there apparently 
fatigue. 

A similar sustained and very economical form of contraction is 
seen in the mechanism whudi keeps the shell of an ordinary mussel 
shut, and also in the rigidity which occurs in the extensor muscles 
of the limbs of animals when the higher jiarts of the brain are 
removed. In the latter case a small amount of extra energy is used 
(Roaf, Dusser de Barenne), but in the (uise of smooth muscle or 
of the mussel no additional energy as estimated by its oxygon 
consumption is used. 

The phenomena of ri(/or mortis in involuntary muscle have not 
been so fully studied as in voluntary muscle. It has, however, 
been shown that the chemical composition of involuntary muscle 
differs in no noteworthy manner from that of voluntary muscle, 
and on death the muscle becomes acid , such products as carbonic 
acid and sarcolactic acid are formed. In the stomach, uterus, and 
rectum, j'^ost-mortem, rigidity has been noted, and it probably occurs 
in all varieties of unstriped muscle, but commonly this may be duo 
to the fall of tem])eraturc. 

The structure of cardiai^ muscle gives it very important 
physiological properties whicdi arc more properly studied later in 
relation to the heart. 
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(MIAITKIL VI L 


THK NKRVOUH SYSTKM 

The Structure and Function of a Nervous System 

However simple, or however compheated, the nervous s}'st(Mu 
tlirougliout tlie animal kingdom exists for tin; purpose of co-ordinating 
and adapting the activities of the animal to its environment, and 
for the internal regulation of the meclianisms of its body. 

A nervous system, theiefore, consists essentially of afferent 
nerves which collect impulses from the outside world or from 
internal organs and transmit them to the centres, of intermediate 
or connecting libres, and of efferent nerves which distribute imjuilses 
to the different parts of the body. 

The degree of development of the nervous system in different 
animals varies enormously aiicording to their needs It is relatively 
simple in the lower animals which are not endowed with much power of 
('omplieated movement, while it is very elaborate in the higher animals 
in which there is adaptation to a vast variety of circaimstances and 
activity. A summary of the functions of the nervous system is 
given on a later page, but some may desire to read it at this stage. 

In each instance, however, the basal anatomical unit is the same, 
namely, the neurone, that is the nerve-cell ami its processes or 
nerve-libres which form what we call nerves. Hy some of its 
processes the nerve-cell receives and by others sends out messages 
The jirocesses of one cell form a synapse (literally clasp) or come 
into close contact with the processes of other cells, so that messages 
or nervous impulses may pass from one neurone to another. 

In order to permit an eflicient interchange of impulses, certain 
nerve-cells and fibres have been collected together into large masses 
which constitute the central nervous system. This system has 
bemi compared, very aptly, with the central telephone exchange of 
a town through which one part may be connected with any other. 
This comparison is, however, very rough as it does not take into 
account consciousness, which depends on the activity of the brain. 

In vertebrates, the central nervous system consists of the brain 
and spinal cord. 

Suppose one wishes to move the arm: the efferent impulse starts 
in the nerve-cells of the brain, but there are no fibres that go 
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'J’llK NERVOUS SYSTEM 

The Structure and Function of a Nervous System 

However simple, or however complicated, the nervous s}st(‘m 
throughout the animal kingdom exists for tlio purpose of co-ordinatin,L! 
and adapting the activities of the animal to its environment, and 
for the internal regulation of the mechanisms of its body. 

A nervous system, therefore, consists essentially of alferent 
nerves which collect inijudses from tlie outside world oi- from 
internal organs and transmit them to the centres, of intermediate 
or connecting libres, and of efferimt nmwes winch distribute impulses 
to the dil'feront ])arts of the body. 

The degree of development of the nervous system in different 
animals varies enormously according to tlieir needs. It is relatividy 
sim})lc in the lower animals which are not endowed with miudi power of 
comjilicated movement, while it is very elaboratci in the higher animals 
in which there is adaptation to a vast variety of circumstances and 
activity. A summary of the functions of the nervous system is 
given on a later page, hut some may desire to reail it at this stage. 

In each instance, however, the basal anatomujal unit is the same, 
namely, the neurone, that is the nerve-cell and its processes or 
nervc-libres which form what we call nerves. Hy some of its 
processes the nerve-cell receives and hy otliers sends out messages 
The processes of one cell form a synapse (literally cl(i,^p) or come 
into close contact with the processes of other cells, so that messages 
or nervous impulses may pass from one neurone to another 

In order to permit an eflicient interchange of impulses, certain 
nerve-cells and fibres have been collected together into large masses 
which constitute the central nervous system. This system has 
beim compared, very aptly, with the central telephone exchange of 
a town through which one part may he connected with any other. 
This comparison is, however, very rough as it does not take into 
account consciousness, whicli depends on the activity of the brain. 

In vertebrates, the central nervous system consists of the brain 
and spinal cord. 

Suppose one wishes to move the arm : the efferent impulse starts 
in the nerve-cells of the brain, but there are no fibres that go 
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straight from the brain to the muscles of the arm. The impulse 
travels, down the spinal cord, by what are called pyramidal fibres, 


nervous system. The right )ialf of the cranium ai 
been removed by a vertical section ; the membranes of the brain and Tnin 

the sjinal m™ S cranial, and Sf a 

right Side, have been dissected out and laid separately on the wall of tl 

^iv/ty" (A^KgTry^^^^ from^he crlni" spin 
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which form synapses with the nerve-cells of the spinal cord , from 
these cells fresh ncrve-Iihres carry the impulse to tlie arm- 
muscles d'lie path IS shown in the accompanying diagram (fig. 40). 
The coll of the motor cortex of 
the hram is represente<l hy CO., .'(V 

and its fibre (axon) hy 1‘ F. 'I’liis i 

passes into the white matter of the A 

i)raiii, and travels down the hram 
stem and spinal cord until it rt^aches 
the part of the cord which contiols 
the arm movements, whcrii it ter- 
minates by arborising round small 
cells (P.C.C.) which form a second pp 

relay , thence the impulse is trans- 
birred to the large motor-cells (A.(J O ) 
whoso ner\e-lil)res pass out to the I 

muscles. There is as it were a \ 

system of relays by which the im- ' 

pulses are distributed to ddleront i 

jiarts of the body. ii 

— - One (icll may, by im'ans of ils l^r 

proc(‘SS(*s, he (;oimected with seveial 1 

other cells For oxam])le, the cidls | 

111 the spinal (;ord receive messages 1 

not only from the brain but also from 1 

otluir parts of the body ((ig. 40). If 

the finger is pricked an impulse is set PRQC 

up ill an afferent nerve or process of i O 

a sensory cell and is transmitted to - w' J 

the spinal cord, wluiiKiC it is relayed to pcc 

the niusides whiiih cause the arm to ^ \ 

be withdrawn. This is known as \ ^ 

reflex act since it does not involve U 

any conscious effort hut occurs quite V /""Skir 

automatically. y 

The nervous structures involved aCClX^ 
in such an act we call a reflex arc, ' 
and consist of a receiving organ and /Y Muscle 

afferent nerve with its cell, an inter- „ 

, ’ Fio 40 -Diagram of the npuroin- of the 

mediate or connecting nerve ami motor path, 

its cell, and an efferent coll and 

its fibre by which the impulse is sent out to the organ activated. 

We shall see that many of the aidivities of the body are 
brought about in this way and that the reflox may he looked 
upon as the physiological unit of the nervous system. We shall 
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return 1,0 this sulijcet Inter in eonsulerinj^ the Central Nervous 
Systiun, hut nieantnne tlii'se fa<*ts must 1)0 ke])t in mind, sinee 
man)' of tlie juoeesses of the body, aj the (ureailatiun of the blood, 
are lai'jjjely eontrolh'd by sueli lellex irn'idianisms. 


Nerve-Cells. 

Neive-cells differ l)oth in sJiape and in size 

In tli(‘ early emliryonic eondition, the future ncrve-eell is a small 
nueleatcNl mass of [ii’otoplasm witliout jiroci'sses As developmi'iit 



Fi<t 4 1 -UiaKrain after Ramon y Oajal to show the ontogenetic (or enibryological) and phylogenetic 
(; ( in the animal series) di-\ elopnient of a neurone A, cerebral Cell of frog; B, newt , C, mouse ; 
I), man As the place in the zoologn al senes rises, the neurone increases in complexity and in the 
imiiiber of poults of contact, this complexity is produced partly by an increase of the deudrona, 
partly by an increase in the side brandies or collaterals of the axon n, h, c, d, e, show the early 
.stages in the deielopiiK'iit of a similar cell in the human embryo; the first branch of the cell to 
appear (in <0 is the axuii , the dendrons are later outgrowths The leversal of this process takes 
place 111 primary degeneration 


procuresses hraiudies t^row (fig. 41), and liy tliis means it is brought 
into contact with the branches of other nerve-cells. 

Tlio simjdest nerve-cells known are biiiolar. In the lower 
animals the two processes come off from the opposite ends of the 
cells ; the cell, in other words, apjiears as a nucleated enlargement 
on the course of a nerve-fibre (fig. 42, A). The cells of the 
Gasserian and spinal ganglia in the mammalian embryo are also 
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bipolar, but as (levolo])iuout progresses, tJie two branches become 
fused for a considerable distance, so tliat in the fully-formed animal 
each cell appears to bo nmpolar (bg 42, 11) 

The majority of nerve-cells are mvUipohtr, and have many nmeh- 
branebed piocesses or dendrons which bring impulses to them, but 
only one process, the (Vjcou, be(’()mes the axis cylinder of a nerve- 
llbre and carries messages away (see figs 40 and 41). 

By Golgi’s chromate of silver method the cells and their fibres 
stain an intense black, and the collaterals of tlie axon are well seen 
Fig. 4d sliows one of the tyjucal multi])olar cells of the 
spinal cord The cells have a finely fibrillar structure, and the 
fibrils can be traced into the axis-cylinder process and the other 



Fid 42 - ni[idlar <•-(•<■11', A, 
from a spinal l^anL;Iloll df a 4j 
NSfM'ks’ luiinaii (‘tiiluyu ( iftt-r 
1 ! Is) 15 adult ( oiidil loll uf ( In' 
tiiarnriialiaii s])iiial Kani^lidii kU 
N S mu Icalcd slicafh, oiilj 
the mu Ifi set It in piolilc an* 
ti'im'sf'iitfd T, is Ui<‘ 
junction (After H( t/iiis ) 


42 Multipolar ner; e-oell from anterior 
liorn of spinal ('(inl , u, axis-cy lindei prou ss 
(Max Sell u It /e ) 


branches of tlie coll. If a nerve-cell is stained with a basic 
aniline dye such as methylene blue there are seen Nissl/s (jramiles, 
which are considered by some to be intimately connected with the 
nourishment of the cells, since after fatigue they are absent and 
in the stained cell are represented by merely a diffuse blue haze 
(chroniatolysis) Some writers consider Nissl’s granules to bo 
artifacts, it is more likely that even if they do not exist as 
definite granules in tlie living cell, they at least re})rescnt a 
precipitate produced by the action of fixatives on a pre-existing 
functional material. 
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Nerve-Pibres. 



Kiu 4 I — Ncr\ 
libio sUdkmI with 

osniic acid A, 
Nodt' , B, nucleus 
(Key and Ret- 
/lus ) 


Tlio tonn luirvo-fibro is ^ivdii to the loiio pro- 
('(‘sses of iKO've-oells. Tiu^y aro of two liistolou^ical 
kinds, mcdullatcd and von-mcil Kllafc.d, but no reason 
for tins diirorontiatioii has yet been discovered 
Many nerves contain both tyjics, Imt the non- 
niediilkited fibres usually belong to the autonomic 
nervous system. 

The medullated or white fibres aro eharaoterised 
by a sheath of white colour, (amsisting mainly of 
li])ides, winch stains black with osmic acid and is 
lield together by a network of neurokeratin wlmdi 
suggi'sts an ectodmanal origin This medullary slimth 
covers the essential ])art of the filire whicdi is a 
])rocess from a nerve-cell, ami is called the axir, 
cylinder. Outside the medullary sheath is a thin 
homogeneous membrane of elastm nature called the 
primitive sheath or nearolemma. 

The axis cylinder is a soft transparent thread in 
the middle of the fibre , some 
observers believe it to bo 
made up of exceedingly fine 
fibrils (fig. 45); these stain 
readily with gold chloride. 
The medullary sheath gives a 
characteristic double contour 
and tubular appearance to the 
fibre. It is interrupted at 
regular intervals ])y the nodes 
of lianvier, which show a 
(U’oss - like arrangement if 
stained with silver nitrate. 
It is considered that the 
nodes may be of importance 
in regard to the nourishment 
of fibres; here also branching 
takes place. The stretch of 
a nerve - fibre between two 
nodes is called an inter- 
node, and in the middle of 



Kiii 45 — Axih cj liiulcr, 
hij^hly 

show I tig Its coni 
ponciit tthnls. 
Schultze ) 


each inter-nodo is a nucleus 
which belongs to the primitive 
sheath 
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The nerve which \v(3 see in an ordiii.iry anatomical dissection is 
composed of a numl)or of bundles ox fuiiv'uli of mu’ve- fibres bound 
together by connective tissue. The sheath of the whole nerve is 
called the epinonrium ; that of tlio funiculi tlu3 porinGuruua ; that 



Fio 4() — Transverse section of the sciatic nerve of a fat, about 100 It consists of bundhs 
(Juniculi) of nerve-tibres enshi itheil in a libroiis slic.itb, eimicui i uin, A, eat h liundle lias a 
spi'cial sheath (not sullu lently niaiUed out fiom the (/ujicKK/fra m the U^\Ui‘)oT pnineurinviM , 
the nerve-fibres N /are separatisl I’loin one another tiy tiuluveui iu7n , X, lymph spaces ; Ar, artery, 
V, vein; F, fat Somewhat diagraniinatic (V 1) llarris ) 


which passes between the fibres in a ftniitmlns, the mdoneurinm 
(fig. 46) Single nerve-iihres are surrounded by a continuation of 
the perineurium known as tlie Sheath of Henle Tlie nerve trunks 
themselves receive nerve-fibres wliich ramify and terminate as 
end-bulbs in the epineurium 

The size of the nerve-fihics varies, 
the largest fibres are found in the spinal 
nerves, where they aie 144 to 19 /x in 
diameter.* Others mixed wifli these 
measure 1'8 to p. These small nerve- 
fibres are the visceral nerves , they pass 
to collections of nerve-cells called the 
sympathetic ganglia, whence they emerge 
as non-mediillat(hl fibres, find are dis- 
tributed to involuntary niusele. The 
differences in diameter are well seen in sections stained by osmic 
acid, the black rings being the stained medullary sheaths (fig. 47) 

It is interesting that the majority of the fibres of the postiirior 
roots are of the small variety, a fact which suggests a relationship 
between the sensory roots ami tlie autonomic system. 

* /X -- inicro-inilliinetre - , „ millimetre. 



Fin 47 -Section across a nerve 
bundle in the second thoracic 
anterior root of the dog, stained 
witli osmio acid (Gaskell ) 
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The non-medullated fibres have no medullary sheath, and are 
therefore devoid of the double contour of the medullated fibres. 



Fio. 48. — Groy, or non-mednllaOxl norve-llbrfts. From a branch of tho olfactory norve of the sheep; 
two (lark-bonlered or white flbre.s are associated with the pale olfactory fibres, x 450, (Max 
Bchultze.) 

Their appearance is unaffected by osmic acid. They consist of an 
axis cylinder covered by a nucleated sheath. They branch 
frequently, and are specially common in the autonomic nervous 
system. 

Termination of Motor Nerves in Muscle. 

. In the voluntary muscles the motor nerve-fibres have special 
end-organs called end-}-ilatcs (fig. 49). Tlio fibre branches two or 



Flu. 40. - Motor end-jdates ; chloride of gold preparation to show the axis cylinders and 
their final raniitications of '.Ibrillap. x 170. (Szymonowicz.) 

three times, and each branch goes to a muscle -fibre. Hero the 
neurolemma becomes continuous with the sarcolemma, the medullary 
sheath stops short, and the axis cylinder branches several times. 
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Tn juldition to llu‘ iiutlor n(‘rv('-(Mi(]iUL;s ai(' also S(MiH(»ry 

iiervti-endniL!,^ in iims(do, lnd. tlicsi; will lu^ drall. with latia* 

III llio niro/ inifnri/ )tnisr/(’>i, llin laa M'-I i1h('S, wliudi ai(‘- for the 
nio.st ])avt iioii-iiH'dullahMl, inaN kmcIi tla^ ^tnicluK's Hit'V aii]>|>ly by 
way of ])l(wust's or n(•^^\ol‘ks of lil»r('s as ni tla' nil<-slni(' {(/ r) 


Neuroglia 

Tlio (adls and lil)i(^s wldcdi inako np liu' cnndiad ihl;' svslcans of 
tlio coniral n(n‘\’ons s}st(an ai(‘ laid down in and .lu^ lioltl Ini^otlan' 
by a HUj)|>orlini; tissiui of n(aiioi;lia. 'Idiis li.ssno is ooinposod of 



inulti-l)ranch(‘d (adls (liL» 50), tlio iiiiHirinost of ^\]n(dl ai'o Ji\(‘d to 
ciliatod cpiiliolial cadis wlindi lino Mio (‘oiitaMl canal of tlio spinal 
cord afid tho voiitricdc'S of (ho brain, those ncaaren' tlni surface are 
iittachod to the (aa nial,cn*, a iiicMiibraiions covc'riirj, of thci ccMitral 
nervous system. 

The Synapse. 

Idiis region, wlicivo one iicMimno )<tiiis another, is of considc.rablc.* 
inUa-est, as it aiijioars to have many important ])ro]HU'ti('s wliich 
determine whether or not an impulse can pass It ^\a.s shown 
by (Jajal on histological ^rounds that the aiTerent, mu'vc^s cmd in 
“boutons” or “])ieds terniinaux,” cmlargements which lie upon tlie 
surrounding membrane of the motor norve-ccdls The actual 
liistological structure may determine the fact that the impulse can 
go in one direction only through a synapse. The existence of such 

C 2 
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“boutons” has now ])een «^^encrally accepted and a figure of (^ijal’s 
is therefore r(!produccd 



Fid 50 f( -Sliowiiig on .i iicivi' ci-ll at tho (mk] of libiils fiorn utln'r cells 

(llaynidn y C.ijal.) 


Similar “ boutons ” are very strikingly seen in some of the lower 
animals 



Fir, [lO li — Dianmm of the “ boutonu ” fioin the nervous system of the gold lish 
(Bodian ) 


AVhen cut ofl Irom tlieir jiarent cell the “boutons” swell up 
to double their size; and degentirate. 
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rJlV.SI()L<M;Y OK NKliVE 

Investigation of the Functions of a Nerve 

TiiEiiE are two mam metlmds hy wlueli f\meti()ns of a nerve 
may be ascertaimnl . (1) ho turn, ami (13) 

Section . — If a nerve is cut th(‘, loss of function that ensues may 
bo observed. Thus, if a motor nerve is cut, motion of the muscles it 
su])phes can no loii<j;er lie jtroduccMl by activity of tlie ner\ e-centre , 
the mus(de is paralysed. If a sensory nerve is cut, tlie lesiilt is 
loss of sensation in the part fiom which it comes, 

Stlinul((tioii — In a mit motor nerve, stimulation of the cmitral 
end (?.e the end still connected with the central nervous system) 
produces no result, stimulation of llie peri])h('ral end jirodiices a 
nervous impulse whiidi excites tlie musides to contract. In a cut 
sensory nerve, stimulation of the pm'pdieral end has no result, but 
stimulation of the central end causes a sensation, usually a painful 
one, and also reflex actions. 

Degeneration of Nerve. 

Wluui a nerve is cut, then^ are other results than the loss of 
function just mentioned, for, even tlioiij^h the nerve is still left 
within the body with a normal su))ply of blood, it Ix'comes less and 
less irritable, till at last it cixises altoj^ether to res])ond to stimuli. 
This diminution of excitability starts from the point of section and 
travels to the periplK'ry, but is temporarily preceded by a wave 
of increased excitability travelling in the same diiectioii (ititter- 
Valli law). 

The part left connected to the parent cell, usually in the central 
nervous system, remains healtliy; but the pcriplicral end wliich 
is cut off from its source of nourishment undergoes what is called, 
after the discoverer of the process, Wallerian dcijenetuttion dTiose 
portions of the axis-cylimlms which are cut oft from their jiarent 
cells die and brt*ak u]) into fragments; the medullary sheath of 
each undergoes a process of disintegration into droplets of inyelin, 
which are ultimately absorbed and removed l)y the lymphatics. 
At the same tune there is a multiplication of the nuclei of the 
7r 
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piiiiiiti\e shcatli Tliis dej^^iHierativo process Ix^j^nns to be visible 
Tnicros(‘o])ieally two or tlinic days after the section lias been inad(^.. 
In tlie non-]n(‘didlated fdires, tliere is no inc;dullary slu^atli to 
exlubit the disiutcj^rative clianj^es just alluded to, and the nuclei 



priniitno sluutli or ncurolcuirn.i 13, Xrrvc-libre uftor four (l.i>s , cif, .‘ixis oyliiKlf'r luirtly broken 
up anil enclosed in portions of myelin 0, A more ad\.inced sta^e m winch the medullary t,henth 
has almost disappeared; numerous nuclei, n", are seen 1), Commencing regeneration, se\eral 
libres (r, £") ha\e sprouted fiom the somewliut bulbous cut end {h) of the neric-libre ; a, an axis 
cylinder winch has not yet acquired its medullary sheath ; s, s', pnmituc sheath of the original 
(ibro (Hainier.) 

of th(3 sbeatli do not multiply, there is simply death of the axis- 
cylinder. The dej^eneration occurs simultaneously throughout the 
whole extent of the nerve. Kanvier’s original diagram is reproduced 
in fig 51. The myelin droplets may be stained black by osniie acid. 

Chemistry of Nervous Tissues 

Nervous Ibs.sucs contain 6.“) per cent, to 85 per cent, of water. The first careful 
study of this subject we owe to Halliburton who showed that grey matter eontained 
a smaller proportion of solid (IG 5 per cent.) than white matter (GO per cent.). Pie 
showed that m the cerebral grey matter the percentage of jirotein in the solids was 
highest (51 per cent ) and consisted mainly of imeleo-protein. Fat-hkc substances 
are also more abundant in non-mcdullatcd nerve than in medullated. 
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In the former, ;is percentaj^es of total solids, there occur cholesterol 47 per cent., 
lecithin 9 '8 per cent., kephahn 93 •? per cent, and gJilactosidc.s 6 j)er cent. Various 
salts and extractives are also present. 

When a nerve <lc^rencrates the solids become less and, after three weeks, a 
noticeable change is the disapjiearance of phosphorus. 

The staining reactions of a degenerated nerve indicate that the appearances 
are due to a breakdown not only m an anatomical sense, but in a chemical sense 
also. Of these staining reactions the one most often employed is that which is 
associated with the name of Marchi This is the black staining which the medullary 
sheaths of degenerated nerve-fibres show when, after being hardened in Muller’s fluid 
(a fluid of which potassium bichromate is the mam constituent), they are treated with 
Marchi’s reagent (a mixture of Muller’s fluid and osmic acid). Healthy medullated 
nerve-fibres are blackened by osmic acid alone, in virtue of the phosphatidcs 
(lecithin, etc ) in their medullary sheath ; such phosphatidcs contain the oleic 
acid radical, and this unsaturated fatty acid is responsible for the black reaction ; 
after treatment with a chromic acid reagent they are not blackened, but only 
assume a grcyish-grcen colour. When, however, the fibres are degenerated the 
chemical breakdown of the myelin sheath (though not fully understood in all its 
details) is accompanied by an ability to reduce the osmic acid to a lower black 
oxide m spiti* of the previous treatment with chromic ac’id. In the later stages 
of degeneration the Marchi reaction is not obtained, because the broken-down 
globules have by that tunc been absorbed. 


Regeneration of Nerve-Fibres. 

If a nerve is cut and allowed to resloiation of function 

oc.cnrs after tlie lapse of a variable tini(% wliicli (jan ])e shortened 
if tlie cut ends of the nerve are sutured together This surgical 
assistance is of si)ecial uuiiortance when the nerve is a largo one, 
for the formation of dense scar tissue between the ends is thus 
minimised. The restoration of function is due to rcgcnerjition of 
nerve-tibres, which sprout out from the central end of the cut 
nerve and grow distalwards, retilacing those whic.h have degenerated. 
The first now libres to apjiear arc of a much narrower diameter 
than those they rophic.e; this is illustrated in lig. 51, J). Later 
the new tilires are larger Tt is obvious that a mass of dense scar 
tissue wdl hinder the siicc(‘ssfiil growth of the nerve-lihres. When 
regeneration does not take place, the central ends of the cut fibres 
and the cells from which they originate also undergo slow atropic 
changes atropluj) 

It has been suggested that tlie new fibres really aribe as a result 
of activity in the peripheral end, but the following facts arc over- 
whelming ill favour of the central origin of the new fibres : — 

(1) It is possible entirely to prevent reunion with the central 
end of a divided nerve by enclosing the free end of the peripheral 
segment in a cap of sterilised gntta-pmxdia (Halliburton) 

(2) Pieces of nerve may he transjilanted under the skin, and 
in time a few fully-formed medullated fibres apjiear within the 
degenerated bundle of fibres (Kennedy) Tlieso may be shown to 
come from adjacent nerves (Ilallihurtoii). 
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(?)) Tho laUi a|)])earanct3 of the medullary sheath in those portions 
of tlu5 i(\t;en(3ratin,L( lihuis which are most distant from the place 
wheio the nerve is orj<;iiially cait and sutured, is a conclusive piece 
of evidence that the new nerve-lil)rcs grew 
from tJie central eml in a peripheral direction. 

(4) If afler the regeneration has takim 
place th(‘ nerve he cut again on the peri])h- 
m-al side of the original cut, degeneration 
takes place on the per]]dieral hut not on the 
(‘cntral sid(‘- of the second cut (Halliburton 
and iMott) 

(o) Histologically the outgrowing lihn^s 
with an olive-sha,])e(l swelling at the free end 
of each <i\is cylimhu’ may he siion (tig 52) 
hy (tijal’s silver nud/hod. 

(0) Siudi outgrowths from mnwe strin;- 
tuiM'S have been observed in embryonic 
tissu(‘s grown in lyinjih. 

It must not, however, bo supposed that 
the peripheral end is entirely inactive, for 
while degeneration is ])rogressing in the 
ixoiis and their fatty sheath, an active 
multiplication of the (‘ells of tlie primitive 
sheath or neurohmima is taking place. These 
neurolcmmal cells probably play a nutritive 
part towards the more important structures 
within t hem and prejiare for t he outgrowing libres (iMott, Halliburton, 
Howell). Activity of the neurolemma is also ]»articularly seen at the 
ctmti.il termination of the cut nerve, i c the area which nourishes 
the growing libres Moreover, the neurolemmal ai'-tivity appears 
to iHi essential to regeneration. In the white fibres of tlio central 
ma'vous syshuu the neurolemma is absent, in this situation not only 
is the removal of the products of degeneration a very slow process, 
but regeneration does not occur. 
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The Nerve Impulse. 

lU Nature — When a nerve is stimulated the change ]»roduced in 
it is known as the nervous impulse: this excitatory process travels 
along the nerve and the propagation of the change is evident from 
the ell'ect wliich follows, etj sensation, secretion, movement, hut the 
nature of the cliango produced in or (jii the nerve itself is, like the 
intimate nature of muscle c.ontraction, unknown. 

Ft IS, however, clear that, while there may be several superficial 
resemblances, a nerve is not merely a conductor of imjnilses, as 
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a wire is of an olec^tric current. The most important fact wliicli 
makes a sim])lc physical view dillicnlt is tliat conduction in a 
nerve a])[)arently depends on some vital a('tivjty, and amcsthetics 
abolish conduction. jVIoi cover, the velocity of the nerve impulse, 
which IS much less than that of an eleetric current, is intluenced 
by change of tcnpierature much more than a purely jihysical process 
would bo (Maxwell, Keith Lucas). At the same time it should bo 
said that there is an increasing volume of evidence, especially that 
of Lillie, wliicdi suggests that the conduction may be a physical 
process siiporimposed on a vital structure (the nerve), which, however, 
ceases to conduct as soon as the chemical ])roceSvSes on which its 
vitality depends are interfered with, luj if it is dejiriveil of oxygen. 
Some belun'o that the lu'rve impulsi' stimulates the iiiuside by virtue 
of its action (uirreiit, but tlicrc are many views on the ])hysical 
processes (joncernei I 

Lillie has made an int(‘resting modid whndi in many wa} s imita,t(^s 
tlu‘, conduction of a iiervi^ imj)ulse If a piece of non wire is jilaced 
in a solution of mtiic acid with a si*ecilic gravity ovei 1 2, a thin 
tilm of oxide is formed on its surface whndi jiroteids it. If now 
the wire is “ stimulated ” at one end by the usual means, it 
becoiiK's blaidv at that place ainl ehervesces for a short period. 
The activad.ion ]iropagat(‘S itsidf to the, otlua* end like a nerva; 
im])ulse and the wiie cannot bo activatiMl again for a, given siiace 
of time, 'I e. it has a refiactoiT jxudod A constant cairrent has 

the same elh'ct as on a neive If a cinde of wiie of sulliiu’ent 

length is used, the uire goc^s into a c,ont muons c}adic, disturbance 
whi(di is most, fascanating 

It is important to emphasise that whatever the nature of the 
nerv^e impulse, the impulse is sclLprojiagating, somewhat like the 
Combustion in a tiain of giinjiowdcr when ignited. Adrian has 
shown that if the conductivity of a nerve be locally damped down 
by placing a segment in a (diamber of alcohol vajioiir, the im]mlse as 
soon as it reaches an undamped region tlares up to its original 

strength as judged by its cll'ecT on the attached muscle or the 

extent of the cleidrical change set up (see below). It was originally 
thought that there was a gradual fading out of the imjmlse (condmdion 
with decrement) in the chanilier, but it lias now been shown that 
the damjiiiig is more abrupt (Kato, Davis, Korbes). Nerve cundiKdion 
is abolished by freezing, by (X)^ and aiuesthetic vapours, and by 
the passage of a constant current which presumably acts by setting 
up a inovoinent of ions in a given direction 

It may also be blo(d<('d temporarily by gentle c.ompression 
Tins occurs sometimes as a, result of tumours. In this connection, 
too, it is interesting to note that in a mixed nerve, motor tibres 
are more easily blocked than sensory. The tibres cariyiiig pressure, 
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cold, lioat, and pain arc l)lu(;ked in that order. Clicniical agents block 
in the reverses ord(ir No doubt tins is a matter of tlui different sizes 
of fibres. 

The Changes which occur in Nerve during Activity. — These 
are (diemical, electrical, aiul thermal, as in miiside. 

The Electrical Chaiuje — The current of action of nerve may be 
demonstrated by means of non-])olarisable electrodes and a string 
galvanometer. It has the usual diphasic characteristic and its 
degree may be taken as an indbaition of the stiengtb of the 
impulse It is propagated along the nerve at the same velocity as 
the impulse 

Chemical CliaiKje ?, — The idea that there was definite metabohsni 
in nerve was first advanced by Waller, and all subsequent work has 
confirmed bis suggestion Ind(ied it lias been shown that r(^sting 
nerve, if plaiaxl in suitable solutions, utilises carbohydrate and fat, 
while the giving off of ammonia indicak'S proba'n metabolism also. 
It has been shown that small amounts of carbon dioxide are 
produced and that for continued activity oxygen is necessary. Like 
muscle, nerve can function for a time in the absence of oxygen, 
and although, for nerve, this period is considerable it is not 
unlimihid. If the nerve he tetanised in an atmosphere of COg or 
an inert gas, it ceases to (umduct, hut it recovers with extreme 
rapidity when again ex])osed to oxygen or air. During the inactive 
period not only the physiological rcs])onse, e(j the contraction of 
muscle, disappears, but also the electrical change. Bofh, however, 
return with the return of the other signs of activity. Amesthetics, 
wliich dissolve in the lipides, of which the nerve is largely composed, 
appear to act by stopping oxidative processes. 

There is also a (umsiderahle amount of evidence (Brown and 
Feldberg) that acetyl-cJiohne is res])onsible for the transference of 
nervous impulses at the synapses in ganglia Such structures are 
very rich in (dioline, and acetyl-cholino can be obtained from fluid 
leaving the ganglion during nerve stimulation. 

Thermal Changes . — It is only recently that it has been jiossiblc 
to demonstrate the small amount of lieat produced by nerve; its 
presence had been assumed because of the chemical changes. 
A. V. Hill succeeded in doing this, using a thermopile with 300 
constantan (an alloy of copper and nickel) and silver junctions 
which is capable of recording changes of less than a millionth of 
a degree of temperature. Tlie effect is intensified by placing a 
bundle of nerves on the thermopile and utilising an extremely 
delicate galvanonud-er system. Tic found evidence of heat produc- 
tion, not only during the conduction of the impulse but also during 
the recovery period, as in muscle. The heat production in some 
of the nerves of crabs has been found to be relatively large. 
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FjffcA'U of Stimnlation. — Excitability and conductivity arc 
appreciably intlucnccd by stimulation, and Waller, wlio first made 
the sugo;estion, considered the ellect to bo due to the small amount 
of CO^ produced. Until 0 015 of a second after stimulation the 
excitability of the nerve is decreased, indeed, for 0 003 sec. it will 
not respond at all (absolute refractory |)eriod).^ The excitability 
returns to normal or sli,i(htly aliove, but later there is a period 
of suluiormal responsitivity corresponding to tlie ])eriod of positive 
after-potential. This ])(U‘iod is held by Gasser to explain the 
phenomenon of inhibition a,nd to be fundaiiKMital to the normal 
activity of the inn-vous system 

These fads in relation to exchtaliility give us an idea of the 
inaximnm numlKU* of im]ndses which can pass along a nerve 
in a givmi tunc 

The relative absence of fatigue in a nerve, as in the heart, is 
probably due to the fact that it is not acting continuously but 
intermittently, and during the resting period, although this is 
extremely short, it is able to recover. It is int(;resting to note 
that, as would bo expected from the large heat production, crab 
nerve is fatigued comparatively quickly (Hill). An experiment to 
demonstrate the relative un fatigability of nerve is given on ]>. 91. 

This IS not to say that other nerves ari^ absolutely unfatigable. 
After prolonged stimulation a diminished irritability, reduced current 
of action, and increased refra.ctory ])hase is obtainable, but in spite 
of these changes a nerve will still continue to conduct. It is as 
if when a certain degree of fatigue was [iroduced there was some 
form of a,daptatioii. 

The Humoral Transmission of the Nerve Impulse. 

The evidence is now very complete that ner\es do not act on 
tissues directly, but through the agen(*y of chemica l m ediators, 
especially acetyl-choline. 

Acetyl-choline is an ester of the alcohol choline. Choline is 
a methyiamino derivative of ethyl alcohol, which is found in the 
free state in most animal tissues. Halliburton studied its vaso- 
dilating properties and was the first to recognise its preseiuie in 
nerve tissues The derivative, acetyl-choline, is very niiu'h mor (3 
active than choline itself. If injected into the circulation in minute 
doses it causes a fall of blood pressure from a dilatation of vessels. 
In larger doses it slows the heart. It is, however, destroyed in 
the circulation extremely rapidly, apparently through the action of 
a choline esterase. The drug atropine prevents its action but not its 

* The figures given are for the frog’s sciatic at room-teinper.iture but they vary 
with temperature and to some extent with the size of the fibre. 
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foriuatioii, wliile e.soniio (physostigmino) pr(;v(3iit.s its dc^slructiou by 
tlio estiTasc 

Tbn first suggestion of the oeeiirrence of suefi Iimnoval traiis- 
luissioii came from Loewi, who foinid that, when the lieart is slowed 
by stiinulation of the vagus, a (dieinieal substance is prodiu-ed which 
will slow another heart. The exact conditions under whicdi the fluid 
leaving a slowed fi‘og’s heart perfused with saline can be ('.aused to 
slow a second lieart have been worked out by Bain, who has shown 
that the exact hydrogen-ion concentration of the perfusion fluid is 
very iinportant, otherwise the acetyl-e.holine is destroyed In relation 
to the sympathetic, Fiiiklenian demonstrated that when a ])iece of 
intestine contracting rhythinically in a trickle of oxygenated saline 
is inhibited by stimulating its attacdied splancbnic nerve, there 
passes into the saline a (dieinical substance like adrenaline, which 
inhibits the movements of another piei'.e of intestine Later on, 
Cannon brought forward evidence to show that, when blood-vessels 
are caused to constrict by nerves, a cliemii^al substance, known as 
sympathiu, is produced which aids like adrenaline on the heart. 

Vasodilatation by nerves has also been shown to be similarly 
prodiuicd. Lewis has put forward evidence that the blisters of 
herpes (shingles), a condition due to inflammation of the posterior 
root ganglia, are caused by the producdion of a histamine-like, 
“]I” substance in the skin (s(‘e Capillaries), while Dale and 
Gaddiim have recently found that the vasodilatation produced by 
stimulation of vasodilator nerves is due to acetyl-choline, and they 
explain the absence of action of atropine in smdi vasodilatation by 
the suggestion that the atropine cannot reach the acetyl-choline 
before it stimulates the muscle. 

ft has now been shown liy Dale and his co-workers (Brown 
and Feldberg, lOdb) that acetyl-choline is ])roduced at the nerve- 
ciidings of the ordinary somatic nerves, but hitherto its very rapid 
destriKition allowed it to escape notice. Attention was drawn to the 
jiossibility of its existence in relation to somatic nerves by the treat- 
ment of the disease myasthenia gravis with prostigmine* (Walker). 
Patients suffering from this fatal disease may be too weak to feed 
themselves, but the injection of ])rostigmine renders them almost 
normal for a few hours. Dale and his colleagues have shown that 
t he injection of acctyl-choline into the blood-vessel supjilying a muscle 
causes it to twitch just like the stimulation of its nerves. In order 
to jiroduce this result, however, the circulation must bo arrested 
temporarily and the injeidion made at close rajuge. Also eserine, 
which iircN'cnts the destriudion of acjdyd-choline, greatly enhances the 
response to a single motor nerve volley, while the drug has no such 
edect on the resjionsi' of denervated muscle, to direc,t stimulation. 

* Prostigminc is a .substance like eserine. 
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Velocity of a Nerve Impulse. 

'rh(3 vol()(*.ily of ;i iKH’vo Jiiij)nlso may bo measiirod, in motor 
nerves, l)y tlie nietliod first used l)y Helmholtz: a musele-nerve 
preparation is made witli as long a nerve as possible, tlie nerve 
IS stimulated, first as near to the muscle and tlieii as far from 
the muscle, as possible. The moment of stimulation and the 
moment of commencing contraction are recorded hy muscle- tracings 
on a ra])idly moving surface providiMl with a time-tracing. When 
the nerve is stimulatcMl at a distance from the muscle, the contrac- 
tion begins laba’ than it does after the first stimulation, and the 
difference between the two is f.he time occipned in the })assage of 
the impulse along the intervening piece of nerve, the length of 
which IS known. 

The most accurate method is that of llernstein, in which the 
elecfrical (ihange is tlie indication of the inijmlse A stimulus is 
applied to one end of a long nerve, and the e-hange in the electrical 
condition of tlie nerve is ri'corded by a galvanometer connected to 
the other end of the nerve. The time between the a]»plie.atioii of 
the stimulus and the galvanometric rc[)ly is measuied. 

Tn the frog, for instance, at ordinary room-temperature it averages 
27 metres per second Fn warm-hlooded animals it is 90-120 
metres per second. 

Ily using the cathodc-r<iy oscillogra})h, Krlanger, Gasser and their 
co-workers have lieeii afile to study diflerent fdires of nerves in 
more detail, Threi' groups have been diflerentiated in the frog 

Grou]) A fibre's have average volocaties of 80-90 metres })er 
second They cany impulses to and from the muscles, impulses 
of tli(^ skin, sensations of touch a.nd tem])eratur(‘, and tlie })ara- 
sympallK'tic. 

Grouj) r> are slower, 10-20 metres ])er second. They are 
sympathetic, and convi'} im[)ulses fo the blood-vessels and glands. 

Group 0 are still slower, 0 8-1 (3 metres per second. These are 
concerned probably with crude siaisations. 

Histological investigations show that the rales of conduction 
are proportional to the size of the fibres, the larger fibres condu(Ting 
more rajiidly than the smaller. 

Afferent im])ulses, as measured by Gasser, travel at about a 
third of the rate of efferent impulses in the same ri'flex arc 

Direction of a Nerve Impulse. 

Nerve imimlses are normally conducted in only one direction : in 
efferent nerves from, in afferent nerves to, the nerve-centres. Ikit 
some ex])eriinents suggest that conduction may under certain con- 
ditions take place in both directions. Thus, in the galvanometer 
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oxporiiiieiit just dc^scrilicd, if tJio iiervo is sliiiiidatod in iho middle 
iiisU^ad of at one end, the eh^etrieal (diaii^e (the evidi^nei^ of an 
impulse) is found to he {;ondu(tt(',d towards both ends of the nerve. 

A norv^e iinjuilse (3aii, however, only pass in one direction across a 
syiia[)se tJiatis only from axon to dendroii This pi’ojxu ty it lias hcen 
sug< 4 est(id depends on tlie e.xaet nature of the endings of tlie lihrils 

Some experiments designed to prove tlie possiliility of nervous 
conduction in liotli directions were performed many ycais ago by 
Paul P>ert. lie grafted the tip of a rat’s tail either to the liacik of 
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Fiu. 63.— Diagram to illubtratn Langley’s experiment on \agus and cervieal sympatlu'tic nerves In 
A, the two ner\es are sliown intact; the direction of the impulses they normally carry is .shown by 
arrows, and the names of sonn* of the parts they supply are mentioned In B, both nerves are cut 
througli The degenerated portions are represented by discontinuous lines. In C, the union 
described in the text has lx>en accomplished, and stimulation at the point a' now produces the same 
results as were in the intact nerves (A) produced by stimulation at a. 


the same rat, or to the nose of another. When union had been 
effected, the tail was amjnitated near its base. After a time, irritation 
of the end of the trunk-like appendage on the back or nose of the 
rat gave rise to sensation. The impulse thus ])assed from base to 
tip, instead of from tip to base, as formerly. This ex])oriment does 
not, however, prove the point at all; for all the original nerve-fibres 
in the tail must have degenerated, and the restoration of sensation 
was due to new fibres, which had grown into the tail. Exactly the 
same objection holds to another series of experiments, in which the 
motor and sensory nervtxs of the tongue were divided and united 
crosswise. Eestoration of both movement and sensation does occur, 
but is due to new nerve-libres growing out from the central stumps 
of the cut nerves. 
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Thoiigli tliese experiments do not prove wliat Uiey were intended 
to, tliey are of eojisiderable interest K('nncdy later carried out 
a v(ny careful piece of work on this qiu'stion of nerve-crossing 
lie cut in a dog’s thigh the nerves supplying the Ilexor and the 
extensor muscles, and sutuicd them together crosswise, licgenera- 
tion of structure and restoration of function occurred as quickly 
as when the central ends were united to the peripheral ends of their 
own proper nerves On examining the cortex of the brain in those 
animals in which nerve-crossing had hcen accomplishe<l, it was 
found that stimulation of tlie region which in a normal animal gave 
Ilexion, now gave extension of the limb, and vice i^ersa. 

A series of eipially important experiments was carried out 
by Langley, in which he showed that the nerves that siq^ply 
involuntary muscle behave in the same way. These nerve-lihres 
will, under certain experiimuital conditions, terminate by arborising 
round other nerve-cells than those with which they normally 
form connections (synajiscs) * It will he sidlicient to give one 
typical experiment, if the vagus nerve is mit across in the neck, its 
peripheral end degenerates downwards, if the cervical sympathetic 
is cut across bidovv the superior cervical ganglion, its peripheral end 
degenerates upwards, as far as the ganglion If subsequently the 
central end of the cut vagus is united to the peripheral end of the 
cut sympathetic, in the course of some weeks the vagus fibres grow 
into the sympathetic and form synapses round the cells of the 
superior cervical ganglion, and stimulation of the united nerve now 
produces such eifects as arc usually obtained when the cervical 
sympathetic is irritated , for instance, dilatation of the pupil, raising 
of the upper eyelid, and constriction of blood-vessels of the head and 
neck (fig. 53). 

Such experiments as these aie important because they show that 
though the action of nerves may he so dillbrent in diflercnt instances 
(some being motor, some inhibitory, some secretory, some sensory, 
etc.), what occurs in the nerve trunk itself is always the same ; the 
difference of action is due to dilference either in the origin or dis- 
tribution of the nerve-fibres. The familiar illustration in which 
nerve trunks are compared to telegraph wires, is a helpful one. The 
destination of a certain group of telegraph wires may be altered, 
and the alteration may produce different consequences at different 
places; the electric change in the wires would, however, be the 
same throughout. So the nerve impulse is always the same sort 
of molecular disturbance ; if it is made, as in the experiment just 
described, to go by a wrong channel, it produces just the same results as 
though the impulse had reached its destination by the usual channel. 

* The meaning of the term “synapse” is ftilly explained in Chapter Vil. 
(p. 73J. 
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The Effect of Electric Currents on Excitability and Con- 
ductivity -TIk'so (‘llcdt-s ;u’() of soiiK^ iiiUmosI as tlu'y may tlnow a 
oil tla^ ]»rol)l{an of tlic! mitnm of the nerve impulse 

If a (‘oiist-ant eairient at about 2 volts is ])assed tliroui^li a 
nerve and the excitability of the nerve tesbul by jilacing a pair of 
stimulating (deetrodes close to tlie positive (the anode) and to the 
n(‘gative (the kathode) wires, it is found tliat in tlie region of the 
anode the nm’ve is iinexcitable, while in that of the kathode it is 
by perexei table. These eonditions aie known as anehctrolonus and 
katchuirotoiius respectively. If then a constant current is passed 
through a nerve tlie nerve ceases to conduct (llernstein) because of 
the area of anelectrotonus at the anode. Use is commonly made of 
this fact in })hysiologi(*.al experiments as such a norv^e-bloek is 
eiiuivalent to nerve section with the advantage that it is only 
tem[)orary. 

Tiiis otlect on a nerve must not be confused with the momentary 
stimulation of a nerve which may occur the moment the circuit is 
mad(^ or bvokmi At the make th(‘- stimulating chadrode is the 
kathode, but at the hri^ak the stimulating electrode is the anode, 
facts of some importance in relation to reaction of degeneration (see 
helow) ill which the excitability is altered. 

Reaction of Degeneration. — Whmi the nerve to a muscle 
becomes injured or impaired the excitability of the innsido is for a 
short [leriod increased but later exhibits (pertain (dianges wlindi 
aiijiear to indicate a rediu'cd excitability 

When the nutrition of the nerves is impaired, much stronger 
currents of both the induced and (jonstant kinds arc necessary to 
evoke muscular contractions than in the normal state. When the 
nerves are com^iletely de(jciicmfcd (when, for instance, they are cut 
off from the spinal cord, or when the cells in the cord from winch 
they originate arc themselves degenerated, as in infantile paralysis) 
no mnscular contraction can be obtained on stimulating the nerves 
even with the strongest currents. 

When the motor nerve is ih\generated and will not respond to 
any form of electrical stimulation, the muscle also loses all its power 
of response to currents of very short duration such as those produced 
by an indnction coil. The nervo-degeneration is accompanied by 
changes in the nutrition of the muscle-fibres, as is evidenced by 
their rapid wasting, and their failure also to resiioiid to rajiid 
induced currents A weaker constant current, however, stimulates 
the niuside more than in tlie normal state, because the musclc-hbrcs 
themselves are in a state of irritable weakness, but the contraction 
IS propagated more slowly than when the nerve-fibres are intact. 
There is, moreover, a (pialitative as well as a quantitative change. 
In health the first contraction to occur on gradually increasing the 
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strengtli of tho current is «at tlie nogutivc pol(‘, wiicn the circuit is 
closed (Idluger’s law), and a stronger current is required before 
closure-contraction occurs at the ])()sitivo pole. Hut lu the morbid 
state we are discussing, closure-(‘on tract ion may (x-eur at the ])ositive 
])ole more rixidily than at the m'gativc ])o]e, le, A (J (b is grixiter 
than K (I C.* 

The reacd.ion of degeneration is of ('onsiderable importance in 
medical and surgical diagnosis as it is a (‘ouveiiient ol)j('ctive method 
of demoiistratiug wludluw or not tlu* nervi; su])}»ly to a muscle is 
intact The sluggisli rinudaon to a const a, ut cairreid. is s[)(H'ially 
characteristic of di'gencratiou whic-h does not a])]>ear for some time 
after voluntary movement is lost. These changes are devchqied 
adter a week or ten days, but after a longer jHU'iod of months the 
museJes lose tludr tiower of contiaitling altogether, (iradually the 
miisides themselves degenerate and waste away. 

Fatigue. 

If the muscle of a nerve-muscle [)ie])aration be stimulated 
fieqiiently, the muscailar c-ontrac.tions become more [irolonged, 
smaller in extent, and tinally cease altogether This cmi lie demon- 
strated by making the miiside write a curve with every revolution 
of a recording cylinder, until it ceases to contract at all Fig 54 
shows the result At lirst the contractions iiuYirove, each being a 
little liigher than the preceding; tliis is due to tho henejirud effect 
of contraction. Then tho contractions get less and less Jhit wliat 
is most noticeable is that tlio curves are much more })rolongod: tho 
latent jieriod is longer, tho period of contraction longer, and the 
period of relaxation very much longer. This condition is known 
as coniract}(re, and the oiaginal base-line may not be reached by 
the time the next stimulus arrives. In the last stages of fatigue, 
contracture passes olf. Contracture is often absent in fatigue of 
mammalian muscle 

Fatigue of muscle stimulated directly is due to the consumption 
of the substances available for the supply of energy in the muscle, 
but more particularly to the accumulation of waste products of con- 
traction ; of these sarcolactic acid is the most important ^ Fatigue 
may be artificially induced in a muscle by supjilying it with a weak 
solution of lactic acid, and may then be removed by washing out 
the muscle with salt solution containing a minute trace of alkali. 
If the muscle is in the body, the blood-stream washes away part of 
the accumulation of acid products, the remainder is oxidised or 
resynthesised and fatigue passes off. 

When a nerve-muscle pieparatioii has been fatigued by stimula- 
tion through the nerve it is found that the muside will still contract 
* A.C.C. - Anodal closing contraction. K.C.C. = Kathodal closing contraction. 
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if stiiiiulatcd dinudly, and tliis raises the question whether the nerve or 
tlie norve-tniding is the seat of the fatigue. That the nerve is not 
fatigued may he sliowii ])y the following e\periment. A temporary 
block is a])plied to the nerve hetw(‘eii the })oint of stimulation and 
t}i(5 muscle. For blocking a ])i('ce of ice or a galvann; current 
(see ]). 81) ma.y be use<l Tlie nerves is now stimiilMted for a 
])eriod much longer than that wlmdi would be necessary to (‘aiise 
fatigue if contraittion were occurring. During such a ])eriod the 
nerve, if fatigable, must hav(‘ become fatigued, but it is found that 
immediabily the block is removiMl the nerve (amdnets quite normally. 

From the above experiments it has Ix^eii concluded that, since 
muther llie mawe nor the muschi have been fatigued, the seat of 
fatigue must be in the nerve-taidings, and can no longer Ix^ (excited 
by im[)uls(‘s which jiass down thci luawe '’Jdim’C aie still many facts 
regarding iatiguo which are not understood, but the sim]>le fact 
lamiains that the muscle can be excated by stimuli suc.h as are 
[U’oduced by an ordinary induction coil. We are thus remiiidcxl that 
the impulse which ])ass(xs down a nerve may, for reasons indicated 
on p. 82, b(xir no relation to the strength of the stimulus ajiplhal 
to tlie nerve. 

aidion of curari, the South Americ.an arrow poison, is now 
believed to be due to similar (diange in tlie excitability of tlie muscles 
so that tli(^y cannot bo stimulated through tluur motor nerves. 
When the muscles of resturation become affected and cease to act 
death occurs. 


Fatigue of Voluntary Movement. 

The fon^going suggests that local poisoning is re8])onsible for 
fatigue, and in support of this, Mosso showed that the blood of a 
fatigueduanimal caused fatigue if injected into the blood of another. 

Tt has, liowever, been shown that if the circulation to a part is 
(!ut off the' liability to fatigue is not so great as would be ex])ected 
(Reid). Other factors must be considered. 

By the use of the ergograph (Mosso, Waller), it has been shown 
that the state of the brain and central nervous system generally is 
an important factor in fatigue. 

One of the most striking of Mosso’s experiments illustrates in a 
very forcible manner the fact that the central nervous system is 
more easily fatigued than muscle. A person goes on lifting a weight 
as shown in fig. 55 until, under the influence of the will, he is 
unable to raise it any more. If then, without waiting for fatigue 
to pass off, the nerves going to the linger muscles are stimulated 
artificially by induction shocks, the muscles (mce more enter into 
vigorous contraiuion. 

o ^ ^ ^ 

It may be that the “fatigue” which occurs in central synapses 
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is a result of the formation of fatigue products locally or the 
exhaustion of central cells. It has, however, been suggested (Keid) 
that something of the nature of a central inhibition results from 
impulses which pass up from the active muscles themselves. It 
appears that normally we are capable of using only a certain pro- 
portion of the muscle-fibres at one time, because inhibitory impulses 
are set up by tlu^ ])] essure on the sensory nerve-endings, the s])iudles 
of the 'muscles, and pass into the central nervous system (Denny 
Brown). The excessive strength which can be exercised by a 
madniaii or individual under severe stress may in part be due to his 
bringing into us<' more fibres than can be used normally. 



Kio. 65. — Mosso’s Erj;of?raph. This illustrates quite well the prir.ciples of the apparatus. It has 
since boon greatly improved in accuracy by various modifications. 

Rest Pauses. — It may be shown on an isolated muscle or by 
means of the ergograph that it is not economical to fatigue a muscle 
to its limit and that to get the maximum work out of a muscle in a 
given time there should be rest pauses. The pauses should, as far 
as possible, be evenly distributed. 

A good example is quoted by Myers. If in an ergograph 
experiment the finger makes 30 contractions in 60 seconds with a 
certain load, two hours’ rest is necessary for complete recovery. If, 
on the other hand, the finger makes 15 contractions in 30 seconds 
with the same load a rest of only half an hour is necessary. Hence 
in a tw^o-hour period of work the second arrangement would give 
double the output of work. 

These facts wliich were extensively applied in munition works 
during war time have a wide application to work generally, as they 
not only give more leisure to the worker but increase the quantity and 
quality of the work done. Exqierimcnts on the learning of poetry by 
students, and on rats loa,i niiig tu got out of a maze, suggest that it is 
probable that the necessity for rest pauses applies to mental work also. 
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CHArTF.Ji IX 


TFIK AUTONOMIC NERVOUS SYSTEM. 

Students uuftiiniliav with cl(3incntavy aiiahMuy should read the 
section on the spinal cord before rcailini; tliis (diapter. 

It must be clearly understood that the autonomic nervous 
system is part of the general nervous system with which it works 
in close harmony. It is descrihed separately, partly for purposes of 
conveniciKie ami partly because it controls certain automatic bodily 
activities, eg. the circulation ami (ligestion, over which we have no 
voluntary control. Anatomically the system is ])e(mliar in that tlie 
neurones of which it is composed have synatitic junctions in ganglia 
outside the central nervous system. Moreover, the action of certain 
drugs appears to he related to this system rather than to the nervous 
system as a whole. 

In the chatitors whiidi immediately follow, wo shall be studying 
the organs which carry on the vegetative functions of life as it was 
formerly the custom to call them. It is therefore desirable that, 
at the outset, wo should obtain some general idea of the nervous 
mcclianism involved in controlling and regulating these functions. 

The autonomic nervous system is divided into at least two parts 
which are anatomically, pharmacologically, and physiologically more 
or less distinct. This distinction is convenient, but it must be 
understood that there is no real distinction in regard to function. 

1. The sympathetic which arises from the first thoracic to the 
third lumbar anterior nerve-roots of the spinal cord 

2. The parasympathetic arises in connection with certain 
cranial nerves, the thoracic nerves,* and second, third, and fourth 
sacral anterior roots of the s])inal cord. 

In addition some authors {eg. Langley, (laskell) distinguish the 
enteric system which consists of ganglia and plc.Nuses in the wall 
of the intestine, but these are intimately associated with the 
sympathetic and parasympathetic, particularly the latter. 

{A) The Sympathetic System. It must be understood that 
little more than the origin of this system has so far been 
established. There is much evidence that tlie controlling fibres 
pass down from the brain, probably from the hypothalamic region. 
In the spinal cord they have been found passing down in the lateral 

* Prior to inclusion of these nerves in the parasympathetic, this group was 
known as the cranio-sacral autonomic. 
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coluiniiK Fioin thmr origin in llio. Literal horn of tiio spinal cord 
the axons leave hy way of th(i anhaior roots of Uio spinal nerves 
from tlie liist thoraeat to the third Ininhar si'gnionts inclusive. 
The axons se|Kiiate from the antmaor roots as the white rami 
eommnnieantes and join a chain of ganglia, or eollei;tions of 
nerve-cells, the lateral chain, situated on each side of the vertebral 
column These ganglia correspond roughly to the spinal segments 
from the coccygeal, or lowest, ganglion upwards, and are joined 
together hy connecd/ing lihres. In the upper part, however, the 
ganglia corres[)onding to the upjier four thoracic roots are fused 
to form tile large stellate ga.nglion and the iip]ier four cervical 
are fused to form the supeiior cervical ganglion. In man, the 
lower cervK'al ganglia form the middle and inferior (-ervical ganglia, 
hut in many animals, e.g. the lait and dog, the latter is fused with 
the stellated. 

From the ganglionic chain fibres are distributed in two main 
tlirecdions (see lig 58). 

1. To the (‘oUa feral or 2 >rereiiehral ganglia. Tliese are the cceliac 
from which tlie cieliac. jdexus takes origin, the superior mesenteric, 
and the infenoi’ mesenteiui from which the hypogastric nerves arise. 
From th(\se outlying ganglia libri^s pass to the terminal ganglia and 
nmae plexuses in connection with thoracic, abdominal, and pelvic 
viscera. 

2 To the sjjuial nerves. These are known as the grey rami 
because of thinr colour. They })ass with the spinal nerves to 
structures sucli as blood-vessels, miisides of the hairs, and; sweat 
glands It will he notici'd that, although the white rami arise only 
from certain sjunal roots, the grey rami retuiii to each of the spinal 
nerves from the nearest ganglion of the lateral chain. 

The imjuilses that ])ass to the involuntary musculature of the 
body arise in the central nervous system, and travel to the ganglia 
of the autonomic system hy means of fine medullated nerve-fibres ; 
the diameter of these fibres varies from I'S to 3 6 /x ; the fibres 
therefore contrast with the motor fibres which jiass to voluntary 
muscles, the diameter of these being 14 to 19 /x (see fig. 49, p. 72). 
There is a further contrast between them : the motor fibres to 
voluntary muscles pass uninterruptedly from the central nervous 
system until they terminate in the end-plates of the muscles. The 
autonomic fibres, on the other hand, terminate by arborising round 
cells in one or other of the autonomic ganglia, and from the ganglion 
cells a fresh relay of nerve- fibres carries on the impulse to the 
involuntary muscles. There is thus an extra cell-station or synaptic 
junction altogether outside the central nervous system. The auto- 
nomic path, in other words, consists of two neurones : one front the 
central nervous system to the ganglion, and a second from the ganglion 
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Fid 56 Diagtani of the autonomic path in tlio spinal region. AO G , anterior cornual cell giving 
rise to a large motor neivo-tlhre which is <listrilmto<l to voluntary mubcle (V M ) 1 L T , a 

small cell of the intonnedio.lateral trat t giving use to a small nie<lullato(l iierve-libre winch 
leaves the coi<l by an anterior root, .ind leaves tlie anterior root by the white ramus (W 11 ); it 
teiminates by aiboiising round cells in a ganglion of the sympatliotic chain. Kiom these colls 
flesh non-medullated axons continue the impulse, and leturii to the spinal nerve by the grey 
ramus (0 It ) being finally distiilmted to involniitaiy rnuhcle-hbios (I M ) Tlio pre-ganghonic 
path IS coloured led, the post-ganglionic blue. To complete the diagram, a posterior root-iibio is 
also shown with its parent cell in a spinal ganglion See also flg 101 rost-gariglionlo fibres 
arising m the lateial ganglion and passing to outlying ganglia oi oigans aic not shown. 
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to tlie }(cu})lieral tissue. The first axon is teniie<l {X\g 2 )rG-(jan(jlionic 
fibre; the seeGiid, the ^ms^-//oar//ic>7u'r Jihre The })rc-gaiiglionic fibres 
are uiedullated ones, and the })Ost-ganglionic fibres are usually 
non-modullated, but tliere are exceptions to this rule. 

The general arrangement of sucfi nerves is reju’csented in fig 5G 

Tlie cell-station of any ])articular pre-gangl ionic fibre is imt 
necessarily situated in the first ganglion to which it ])asseS'v^^ie 
fibres of the white ramus communicaiis of the second thoracic nerve, 
for instance, do not all have their cell-stations in the second thoracic 
ganglion, but may u])wards or downwards in the chain to a 
more or less distant ganglion before they, tciliiinate liy arliorising 
round its cells. Ft therefore Follows tliat fibres that leave any 
given spinal nerve by its white ramus, do not necessarily return as 
])ost-gaiiglionic filires by the gn^y ramus to the same spinal nerv^e, 
although, for the sake of simplifying tlie diagram, they are repre- 
sented as doing so in fig 56. 

l^hiithermore, there arc many fibres of the white rami which 
cuter the lateral chain of ganglia and pass through it without com- 
municating with its C(61s at all, and nevtu' return to the spinal 
nerves by grijy rami 'fliey pass out of tlie lateral chain to either 
collateral or e\'en terminal ganglia, before reaclung their cell-stations, 
wlienco the })ost-ganglionic fibres emerge. This is tlie case for the 
sympathetic su])[)ly of the lilood-vcssels and involuntary muscle 
fibres of the thoracic, abdominal, and pelvic viscera, and is there- 
fore true for such im})ortant nerves as the cardiac accelerators and 
the splanchnics 

Fig. 57 shows the course of the splanchnic fibres, and will lielp 
the student to grasp tliis method of distribution. 

The great majority are arranged as in A, that is to say, they have 
their coil-stations in the solar [cmliac] ganglion. Comparatively few 
are arranged as in B, where some fibres do not reach their cell-stations 
until they arrive at the terminal ganglion situated in the walls of the 
viscus (for instance, the pancreas) to which they are distributed. A 
few possibly are arranged as in 0, with a cell-station for some of 
their branches in the lateral sympathetic chain. 

It will be noticed that if any post-ganglionic fibre is traced back- 
wards, there is one and only one cell-station between the central 
nervous system and the ultimate distribution of the nerve-fibres. 

Klucidation of these facts we owe largely to tlie use of the 
nicotine method originally introduced by Langley and Dickinson, 
and employed lat(‘r by Langley mainly in conjuncdlon with IL Iv. 
Anderson 

Nicotine in small doses j)aralyses nerve-cells, but not nerve-fibres. 
It is still a matter of uncertainty whether the drug produces these 
eftects on the nerve-cells themselves or on the terminal arborisations 
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Flo - Dia'ri.im ot tlu' AiitoiKJniic Xenons Sj stem, showing its origin lioni the Cenli.'il Nervous 
System Tlie small aiiows tiom the ganglioine eh.iiii indn.ite hiamlies to limbs, trunks, etc 
S[>nml jKuasynip.itlietic libies aio not .shown ()M oculo molot , AT, auiieulo temporal, CT, 
chorda lympam , SCtJ, sup. ceivical ganglion, K.Ti, ml cervic. gang ; CF, co liac jik \ , S\, 
Hplaiicluuc nerves; SM, sup. mcsonteiic plex ; AP, aoitic plex ; l.My, ml, mesentciic ]ilex ; IIN, 
bypogastne nerve; liy, hypogastric plex.; PV, pelvic neive 
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(syiia[)ses) of tlio fibres tlial surround them, or on receptive substances 
either in the cells or present at the synaptic junctions. But which- 
ever of these views is correct, the main result is the same: a nervous 
impulse which reaclies a <^anglioii by a pre-ganglionic fibre cannot 
get across to tlie corresponding post-ganglionic fi])rcs if the ganglion 
18 })a lilted witli nicotine. Stimulation of the anterior nerve-roots, 
or of tlio white rami no longer produces movements of the 
involuntary muscle tissues, because the paralysed cell-stations act 
as blocks to the projiagation of the impulses If, however, post- 
ganglionic fibres are stimulated, the usual ellects (for instance, 
constriction of blooil- vessels, erection of the hairs, etc ) take place. 
The nicotine may be injected into the carc.ulation or it may be 
jiaintod over one or more ganglia : the latte, r causes a block only in 
those fibres which ha,ve their cell-stations in the particular ganglia 
By patiently examining in this way all the ganglia in turn, stimulating 
the libres that enter each and those that leave it, Langley and his 
colleagues, after years of work, were successful in localising the 
cell-stations on most of the autonomic paths in the body. 

We shall, in later chajitors, consider the sympathetic nerve supply 
of the individual organs, but it is convenient here to state the main 
course of the distrihution of these nerves (see lig. 58). 

The head and neck are supjilied with libres which arise 
from the upjicr two thoracic segments and the thorax from the 
u})])er five. 

The abdomen gets fibres from the lower seven thoracic ganglia. 
The lilires form into two groups to form the splanchnic nerves wliich 
pass to the collateral ganglia and plexuses. 

The remaining liiniliar ganglia, which have white fibres, supply 
the lower abdomen and pelvis, and are distributed similarly. One 
bundle of fibres arising from the inferior mesenteric ganglion is known 
as the hypogastric nerve. 

'fhe plexus and the finer nerve-fibres commonly lie on the walls 
of blood-vessels along with which they are distributed to outlying 
organs, like the fibres which ])ass out with the spinal nerves. 

The tissues supidied are blood-vessels, secretory glands, hairs, 
and the unstriated muscles of certain organs such as the intestine 
and spleen, whose functions are thereby correlated with the general 
requirements of the body. 

{B) The Parasympathetic. The parasympathetic consists of 
fibres which arise from certain cranial, spinal, and sacral nerves. 

1. Fibres icliich arise from the mid-hrain . — These emerge by the 
third nerve; the ])ro-gangl ionic libres pass to the ciliary ganglion; 
the post-ganglionic, arising from the cells of this ganglion, run in 
the short ciliary nerves to supply the intrinsic muscles of the eye- 
ball (sphincter iridis and ciliary muscle). 



CH. IX.] 


THE rAllASYMPATHETIC 


101 


2. Fibres whir h ((.rise from the medulla ohloiujala. — Tlu\se eniorgo 
by the following nerves : — 

Seventh and nintli nerves Those supply tlie l)loo(l-vossels 
with vasodilator lii)res and also the secreting glands in the nose and 
mouth region. The ganglia on the course of these fibres are the 
spheno-palatine, otic, suhinaxillary, and sublingual ganglia. Some 
of these fibres (for instance, those in the chorda tympani) got 
hound up with branches of the hfth nerve, and are distributed 
with them. 

{b) Tenth and eleventli nerves. These are distributed by the 
branches of the tenth or vagus nerve to the tesophagus, stomaidi, 
and small intestine, to tlie broncliial muscles, to the heart, and to 
the gastric and pancreatic secretory mechanism. Here our know- 
ledge of tlie localisation of the cell-stations is not so exact as it is in 
other parts ; some of the iibres appear to have their cell-stations in 
the ganglion on the trunk of the va,gus, but in many cases they do 
not become post-ganglionic until the terminal ganglia in the walls 
of the various organs mentioned ai’e reached. 

3. The sinnal fibres and vasodilator nerves . — The knowledge tliat 
certain line mcdullated Iibres in the posterior spinal roots when 
stimulated cause vasodilatation, we owe chietly to Bayliss although 
their presence had j^^^erTnoted by Stri(*ker. These fibres have lieeii 
called antidromic because their impulses pass out against the 
general afferent stream of the posterior roots. Idiey have hitliorto 
not been considered parasympathetic because their action, unlike 
that of other vasodilator nerves, is not abolished by atropine. 
They are, however, the reciprocals of the vasoconstrictor nerves. 
The fact that they rccUly do belong to the parasympathetic system 
has recently been i^ch emphasised by Kure and his co-workers 
111 ffapan, who claim that these fibres liave a motor action on tlie 
alimentary canal.* Their view is supported liy the work of Dale and 
Gaddum which indicates that vasodilator nerves act like the vagus 
by producing acctyl-choliiie, but in such a way that the action is not 
prevented by atropine. Kur6 suggests also that they exert a trophic 
function and that the degeneration of tissues and liability to infection 
such as is seen in bed-sores is due to the degeneration of these fibres. 
It is considered that some of these parasympathetic fibres join the 
splanchnics with which they are distributed. 

4. The sacral fibres . — The pre-ganglionic fibres emerge in the 
white rami of the second, third, and fourtly6acral nerves. They 
pass through the sacral ganglia of the later^J^chain without forming 
connections with any cells there, and pass on as the nervus 
erigens, or pelvic nerve, to join the pelvic plexus. The fibres of 

* These experiments have not, however, been confirmed by independent 
observers. 
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tliis norvo su])ply vasodilator fibres to tlic external generative 
organs (wlaoKUi its name), to the re(jtiim and aims, and motor libros 
to the nuis(3idatiiie of the descending colon and recluni ; they 
]ia\e their eell-slations in the small scattered ganglia of the jielvic 
})lexns, or in terminal ganglia in tlie walls of the viscera they 
supjdy. 

The Enteric System and Terminal Ganglia —This term refers to 
the ganglia and network of lihres in the walls of the intestine (plexuses 
of Auerbach and of Meissmu’) Tlu'se apparently act as local nerve 
centres controlling purely local activity, hut tliere is reason to 
h(di(iv(^ that the sympathetic, hut es})ecially the parasympathetic, bring 
about tlu'ir intestinal eHecls tluough these ])le\uscs. Other terminal 
ga.nglia are those in the walls of tlie heart, bladder, and other organs, 
but f.lu; evnh'neo rliat these can act as local nerve cenlies is not 
convincing; they seem to act (diielly as c.ell-stataons on the course 
of incoming fibres especially those of the vagus. {See Contnd of 
IntestiiH' ) 

General Function of the Autonomic Nervous System — hi very 
organ of the body over which we have no voluntary control a})pears 
to ho siip[)li(‘d with two s(d.s of fibres — from the symjiathetic and 
the parasympathetic — wdiich have 0 ])}) 0 site functions. The apprecia- 
tion of this fact w^o ow'e largely to (Jaskcll, to whom, and to Langley, 
is due so muedi of our knowledge on the subject Tn GaskeH’s 
nomimcdalure, the sympathetic or accelerator group of nerves is 
termed I.alahulte, as they are conc('rm‘d with general increase of 
woik and utilisation of energy in the vaiious parts of the body; the 
jiarasympathetic group andholic, as it is more intimately concerned 
wuth the processes which take jilace during bodily rest. 

While the statement is generally true it wauild probably be 
better to say that, wdiile the sympathetic ])rovides for the wmrk of 
to-day the jiarasynipathetie provides for the work of to-morrow. 
Lor example in relation to the heart, it may be shown that the 
process of })hysi(‘al training wdiich promotes the muscular efliciency 
of the heart increases jiarasy in pathetic activity, but during the 
performance of the exercise the sympathetic action is increased 
while parasympathetic action is decreased. The ])arasympatheti(? 
may then be looked u])on as su})plenienting the action of the 
sympathetic in that it increases the range of the activity. This 
IS well seen in relation to the liearl-. 

The may be looked upon as adapting the body to the 

needs of muscular activity, emotion, and the exposure to cold. Ly 
far its most important and certain functions are to increase the 
heart-rate and blood-pressure, to arrest the activities of the 
alimentary canal, and to mobilise glucose; while increased action 
of the paras7jm2)aihctic, c.g. the vagus, causes slowing of the heart 
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and increased activity, motor and secretory, of tlie alimentary canal 
and all its associated glands. 

The sympathetic has also many other detailed fiinetions which 
may be enumerated : it reduces fatigue, dilates the pupil and bronchi, 
causes the secretion of sweat, and brings aliout the erection of hairs 
It constricts cutaneous and Sjd.iiichnie vessels, but dilates muscle 
vcssiils. 

Most of tlie actions of the sympathetic arc also brouglit about 
by the injection of adrenaline into the blood-stream, and by the 
accumulation of carbon dioxide m the body, and there is good 
reason to believe that in severe physical exercise the activities of the 
sympathetic, adrenaline, and carbon dioxide reinforce each other. The 
apparent object of such a mechanism is to make available for the 
active muscles a maximum amount of oxygen-carrying blood, at the 
temporary expense of those parts of the bo<ly whose activity is not 
immediately required, eg. the alimentary canal The sympathetic 
makes it possible for the body to use its already accumulated 
store of potential energy without liaving recourse to its immediate 
environment for anything but oxygen, which it cannot store to 
any appreciable extent but which is normally a,lw<i}s available in 
the atmosphere 

The relationship of the si/injxUhctic system to afferent bngndscs . — 
As we have said, we must look u])on the nervous system as 
acting rcllexly Our knowledge of this suliji^ct is as yet very 
imperlVct, l)ut it is important to note that tluTc is mucJi evidence 
that stimulation of afferent nerves, eg the }»roduction of jiain in 
man, or stimulation in amesthetised animals, causi's sympathetic 
activity, eg. dilatation of the [uipil, accehmition of the lu'art, and 
e.onstriction of blood-vessels. Tlie fac.t suggests the possibility of 
a connection between the posterior root-fibrc's and the white rami. 
Such a connection is still further eiiqihasised by the facts that the 
posterior roots, unlike the anterior roots, contain a very large number 
of small (autonomic) hbics, ami tha,t the lateral ganglia find the 
posterior root ganglia are developed from the same mass of cells on 
the neural crest of the embryo, fiom which also is developed the 
medulla of the suprarenal gland, the liormonc of which, as we shall 
see, also acts like the sympathetic 

The exact mechanisms by which the sympathetic is called into 
operation have not yet been fully elucidated, but it is evident that 
its activity is specially related to sensation and to alfereiit impulses 
which may not reach consciousness. The effect of sensory stimula- 
tion may be looked upon as rcilex in nature via the posterior roots 
and the rami communicantes It is interesting to note that, although 
amnesthesia may abolish the connection lietween the posterior and the 
anterior roots, between the posterior root and the white ramus the 
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coiiiiecliun is uiialfected. It .s(30iiis iiio.sL ])robal)l(3 that all the 
actiniiB of the syinpathotio arc OHHeiitially rellox aiid depend on 
afferent ini[)]dseH wlindi readi (he system fioni (he external environ- 
ni(3nt or int(;rnal struetnres 

'I'Jiti rclatiro importivncc of the, fii/mpathclie and paea&y mpathetic . — 
It is heeonun^ inereasinj^ly eertain that the exact importance of 
these systems differ in difierent species (Cannon, Ht^ymans, Samaan). 
liomoval of the whole of the sympath(dic (diain in do^s does not 
ap[>ear to make any material dilfei cnee to the animals In the ea,t, 
however, the animal is liable to collapse if it attein]»ts any seveie 
exenase, hee.onies (‘motionally distressed, or is exposed to extremes 
of teni])(T<iture. 

Si'clion of (he vagi (below the origin of the inferior laryngeal 
ner\'(‘s (o jiK'vent fatal laryngeal ])aialysis) does not have any 
niaierial elfeet on an animal dniing rest. Its range of activity 
IS, how(!\er, matc'rially rialuced, largely bee-anse of loss of the 
ea[»ability of tlie hea,rt to increase its ontjuit. 

The Afferent Fibres from the Viscera. — Tt will have been 
noticed that the autonomic nervous system, as described, is an 
ei'feront system , but, throughout the areas supplied, there are also 
alfercnt fibres which carry impulses into the central nervous system. 
We have, however, no means of differentiating these libres from 
those of the general nervous system, and. very few of their path- 
ways have been accurately traced. Langley has, however, attempted 
to do this lie utilised the movements of a limb which occurred 
on stimulation of an afferent nerve. It can also bo shown that 
in the chloralosed cat, appropriate stimulation of viscera may cause 
dilatation of the pupil and, from the elfects of nerve section, the 
pathways may be traced (Mcl)owall). It should perhaps be stated 
at this point that the viscera are not sensitive to all stimuli but only 
to tension and pressure Speaking generally, it appears certain that 
the afferent paths are by the posterior roots of all the spinal nerves 
which receive grey rami from all the sympathetic ganglia. Of 
special interest are the alfercnt fibres from the heart whicli have 
now been shown to pass in by the posterior roots of the upper thoracic 
and lower cervical region. This subject is discussed later in relation 
to sensation. 

The Action of Drugs on the Autonomic Nervous System. — ■ 

These are important from the physiological point of view, since it 
IS largely by the use of drugs that the activities of the autonomic 
nervous system have been elucidated. As they are dealt with later 
they need only be mentioned here. 

Sympathetic : stimulant — adrenaline. Paralysant — ergotoxine 
and ergotamine. Parasympathetic : stimulant — pilocarpine, choline, 
and acetyl-choline. Paralysant — atropine. 
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Adrenaline and acetyl-elieline are substances produced by the 
body itself and are known to be intimately concerned with its 
regulation ; indeed, there is increasing evidence (see p. 8d) that the 
sympathetic and parasympathetic bring about their actions by 
producing these substances in the region of their nerve-endings. 

Nicotine, as wo have seen, paralyses both systems by acting on 
the synapses in ganglia. The other drugs act in the region of the 
nerve-endings. The evidence that they do not necessarily act 
directly on lUirvc-endings is that they still continue to act after 
the nerve has been cut and become degenerated, indeed, the organ 
may be more sensitive than before. This occurs in the case of 
the pupil, wliich becomes more sensitive to adrenaline after tlie 
sympathetic siqiply has been cut. A suggested explanation is that 
there may be, between the actual nerve-ending and the organ, an 
iiKireaso of a receptive substanc,e on which the drugs act (Langley). 

The details of the action of the drugs are to be inferred from 
what has been said in relation to the general function of the 
autonomic nervous vsystem, and arc dealt with further in relation 
to the special systems of organs concerned. 
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(’ilArTKJt X 


THE CIKdULATORY SYS'I'EM 

The (‘irniil.Ttory systom (‘oiisists of tlio han't, tho artenes, or vohhc^Ir 
wliiidi c-firry tho blood from tlio lieait to otlior [lail.s of iho body, iho 
VGin^, or vessels wliudi (‘arry tlui l)lood ]>ack to t-la; lu'ai't jy<^aiii, aiul tlio 
m/>///(«r/6'.s*, a network of minute tubes winch connoed llie bn minations 
of t-lie smallest arteries lo the eomuHnieinnents of the small(‘st veins. 

The Heart. 

This IS tlio ^n’(iat muscailar jmm)) of the circulatory sysbnn. It 
lies in tho chest between the ri^ht a,nd left liinos (h^' 59), and is 
enclosed in a ba,L> called tlui ])cnan'ilhim ddio ])oricardium consists 



Kiu 60. — VifA of hr.irt luiiK^ in situ Tho front, iiortion of the tlio'.t wall anc| tho 
outor or ]iai ii'tdl Lajois of tho ploui.i .itid p< ncanliuin hi\o boon ii'iiiu\oil Tho 
luiiKs aro partly collupsod 

of two layers, one fibrous and one serous. Tho inner serous layer 
becomes continuous with the serous covering of the heart or 
epicardium ; tho outer fibrous layer of tho pericardium is attached 
below to the diaphragm, the partition between the thorax and 
lor 
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the al)(l()iiH3ii. Tlic sac formed by tlie junction of the serous 
layer of the [)(U‘icardium and tlie epieardium contains just enougb 



r 


Flu. 00.- Thn left auricle and ventricle opened and a part of their anterior and left walls removed. .1. 
— 'J’lie pulmonary artery has been divided at its commencement ; the opening into the left ventricle 
is carried a short distance into the aorta between two of the segments of the semilunar valves ; and 
the left part of the auricle with its appendix has been removed. The right auricle is out of view. 
1, the two right pulmonary veins cut short ; their openings are seen within the auricle ; 1', placed 
within the cavity of the auricle on the left side of the septum and on the part which forms the 
remains of the valve of the foramen ovale, of which the crescentic fold is seen towards the left hand 
of r ; '1, a narrow portion of the wall of the .auricle and ventricle preserved round the auriculo- 
ventricular orifice ; 8, 3', the cut surface of the walls of the ventricle, seen to become very much 
thiniK'r towards 8", at the apex ; 4, a small part of the anterior wall of the left ventricle which’ has 
been jiri'served with the principal anterior colnmna carnea or musculns papilharis attached to it ; 
5, 5, innsculi papillares; 5', the left side of the septum, between the two ventricles, wit'dn the 
cavity of the left ventricle ; 6, 6', the mitral valve; 7, placed in the interior of the aorta, near it.s 
comimmceinent and above the three segments of its semilunar valve which are hanging loosely 
together; T, the exterior of tlie great aortic sinus; 8, the root of the pulmonary artery and its 
semilunar valves; S', the separated portion of the pulmonary artery remaining attached to the 
aorta by the obliterated ductus arteriosus ; 10, the arteries rising from the summit of the aortic 
arch. (Allen Thomson.) 

lymph (pericardial fluid) to lubricate the two surfaces and enable 
them to glide over each other smoothly during the movements of 
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the heart. The presence of numerous elastic fibres in the epicardiuni 
enables it to follow witliout hindrance the changing shape of the 
heart itself; but the parietal layer of the j>cricardiuni, surrounded 
as it is by a fibrous layer (fibrous pericardium), appears to be 
incxtcnsible, and so liniits the dilatation of the heart 

The Chambers of the Heart. — The inteiior of the heart is 
divided by a longitudinal partition into two muscular cavities, the 
right and left. Each of these chambers is again sulidivided trans- 
versely into an upper and a lower portion, called rcspectiv(dy, 
auricle and ventricle, which freely communicate one with the other , 
the aperture of communication, however, is guarded by valves, so 
disposed as to allow blood to pass freely from the auricle into the 
ventricle, but not in the ojiposite direction There are thus four 
cavities in the heart — the auricle and ventricle of one side being 
quite separate from those of the other (figs. GO and 61). 

The chambers of the heart are lined continuously by a thin 
membrane, the endocardium y which is continuous with the endothelial 
lining of the blood-vessels. 

The right auricle is a thin-walled cavity, prolonged at one 
corner into a tongue-shaped portion, the right auricular appendix. 
Into it open the superior and inferior veiue cavie, or great veins, 
which convey the blood from all parts of the body to the heart. The 
oiiening of the inferior vena cava is protected and partly covered by 
a membrane called the Eustachian valve. In the posterior wall of 
the auricle is a slight depression called the fossa ooaks, where in 
the foetus there was an ojiening between the am ides which per- 
mitted the blood to pass to the left side of the heart without passing 
through the lungs. 

The right ventricle occupies the cliicf ]iart of the anterior 
surface of the heart. It takes no part in the formation of the apex. 
Blood enters it from the right auricle by the tricusjnd valve and 
leaves it by the pulmonary artery which is guarded by the ].)ulmonary 
valve. 

The left auricle receives the blood from the lungs by four 
pulmonary veins and passes it on through the mitral valve to the 
left ventricle. 

The left ventricle has a wall which in man is about throe times 
as thick as that of the right ventricle since it has to pump the blood 
through the body generally. The blood leaves by the aorta which is 
guarded by the aortic valve. 

Valves.' — The arrangement of the heart’s valves is such that the 
blood can pass only in one direction. 

The tricuspid valve presents three principal cusps or subdivisions 
and the mitral or bicuspid valve has two such portions (6, fig. 60). 
Each cusp is of triangular form. Its base is continuous with the 
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l);isos (»f tli(5 ii(Mu,]il)(nn iiijj |)()i t.ioMS, and with tlunii forjiis an annular 
nl(‘lnl)^an(^ iniiiid tli(^ aaincnlo-viMitncnlar opiniing, and is OximI to 
tlu3 haidiiioiis iiiiLi; wliudi (aicindcs l]in oiilici^ 

Wlnln liiii l»as(‘s oT thn niisps of llio vahes arc iixed to tlio 
tdiidinons iiii,l;s, tJuar lioidcns ari; lashaied ]>y slcnidta’ tiaidinous 
hhrds, (Ji(5 chonhv tendinf.tr^ lo tlin ])a|>ijlary niiisidrs wlindi iirojiad 
I'roiii Ihn internal snilacn ul llui walls (d‘ the viaitindes (sihi 5, 
Ji- GO) 

Tlai })ro(U!din_if (h'siaa ption a])pli(\s 0 (pia,lly to l)oth tlie mitral and 
t-lie trieus])id valve, hiit it should lie added tliat llie mitral is 
(ionsiderably thadeer and stron«j!,er than tlie trumspid, in aecordance 
wutli the i^reater force wliieh it is called ii[)on to lesist 

TJio lOKfr vfdrcs i^nard tlie orilices of tlie ])iilmonary artery 
and of the aorta They are nearly alike on the two sides of the 
luMrt, hut tlie aor(.ic valves are more strongly coiistriieted than the 
pulmonary \alv('s, in aecordance wulh the i;rcatcr ])ressure which 
they have lo withstand hiaeh \al\e (‘onsists of thiee parts which 
aie of semihma.r shap(‘, the convex mapu,in of (vich hein^^ attaidicd to 
a lihrous rini; at the plac.e of junction of the artery to the ventricle, 
and the concave or nearly straiuht border heino fme, so as to form 
a little pouch like a watch-po(dvet (7, lii;'. GO). In the centre of 
the fieu cd^^e of (Jie pouch, wlmdi contains a line c.oril of lihrous 
tissue, IS a small lihrous nodule, the (‘or2)i(s Aranlii, and from this and 
from tJie attacdied border lino lihres extend into every jiart of the 
mid-sul)stan(;e of the vahe, exiuipt a small lunated avea just within 
the free edg(‘, on each side of the corpus Arantii Here the valve is 
thinni^st, and conijiosed of little more tlian the endocardium. Thus 
constructed and attached, the three semilunar jioiiches are placed 
side by side round the arterial oriUcc of each ventTude; they are 
separated by the blood passing out of the veiitricdc, but immediately 
afteiwvards are })ressed together so as to prevent any return, 
(djiposite each of the semilunar caisps, both in the aorta and 
pulmonary artery, tliiu’e is a bulging outwards of the wall of the 
vessel: these hulgings are called {\\v:. of Vahdlra. From two 

of these sinusi's just behind the cusps open the coronary arteries 
which supply blood to the heart during its relaxed phase. 


Course of the Circulation 

The blood is convt\yed away from the left ventricle (as in the 
diagram, tig. Gl) by the aorta to the arteric.^, and returned to the 
right auricle by the rrm.s-, the arteries and veins being continuous 
with each other at the far end by means of the aq)iUarufi. 

iM’om the right auriide the blood passes to the right ventricle, then 
hy the pulmonary artery, which divides into two, one for each lung, 
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then through the pulmonary capillaries, and through the pulmonary 
veins (two from each lung) to the left auricle. From here it passes 
intjl^he left ventricle, which brings us back to our starting ])lace. ^ 
The complete circulation is thus niadci uj) of two circuits, the one? 
a shorter circuit from tlie right side of tlie heart to the lungs and 
back again to the left side of the heart; the other and longer circuit, 
from the left side of the heart to all parts of the body and back 
again to the right side. The circulations tlirough the lungs and 


pulmonary artery^. 

1^ 1 j;/i 

HiiTiArior Aavn. nr VAiti ''' • 


Superior cava or vein 
from bead and neck. 


^ight auricl^--ji,.- 
inferior vena cava.f 

^Kight ventricl^-- 
Portal circulation 

6y 


Second ri'ual circu- 
* lation. 



Vi Pulmonary capillarieR.j^ 

-^Pulmonary vein^ 
Artiiriea to bead and 

ventr-- ^ 

Gastric and intosttual 

- First renal circulation. 

Systemic capillaries. ^ 


Fro. 61.— Diagram of the circulation. 


through the system generally are respectively named the Pulmonary 
and Systemic or lesser and greater circulations. It will be noticed 
also in the same figure that a portion of the stream of blood having 
been diverted once into the capillaries of the intestinal canal, ami 
some other abdominal organs, and gathered up again into a single 
stream, is a second timo divided in its passage through the liver, 
before it finally reaches the heart and completes a revolution. This 
subordinate stream through the liver is called the Portal circulation. 
A somewhat similar accessory circulation is that through the kidneys, 
called the Renal circulation. The diflbrence of colours in fig. 61 
indicates roughly the difference between arterial and venous blood. 

The blood is oxygenated in the lungs, and the formation of oxy- 
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haemoglobin gives to the blood a bright red colour. This oxygenated 
or arterial blood (contained in the pulmonary veins, the left side of 
the heart, and systemic arteries) is in part reduced in the tissues, 
and the deoxygen ated haiinoglobin is darker in tint than the oxy- 
luemoglobin ; this venous blood passes by the systemic veins to the 
right side of the heart and thence by the pulmonary artery to the 
lungs, where it once more receives a fresh supply of oxygen. 

It should, however, be noted that the lungs, like the rest of the body, are 
also supplied with arterial blood, which reaches them by the bronchial arteries. 


The Histology of the Vessels. 


The Arteries. — The arterial system begins at the left ventricle 
in a single large trunk, the aorta, which almost immediately after 



Fro. C2 —Transverse section through a 
large braiicli of the inferior mesenteric 
artery of a pig. e, Kndothelial mem- 
brane; 7, tuniea olastica interna, no 
8Uli( iKidtlu'lial layer is seen; m, mus- 
cular tiiiiii i media, ooiitaiiung only a 
few wavy clastic fibres; e, e, tunica 
elastica exteina, dividing the media 
from the connective-tissue adventitia, 
a (Klein and Noble Smith ) x 860. 

Structure . — The arterial 
coats : — 


its origin gives off tlie two coronary 
arteries which supply the heart wall 
and thereafter gives off branches 
to every part of the body. The 
arterial branches wherever given 
off divide and subdivide, until the 
calibre of each subdivision becomes 
very minute, and these minute 
vessels or arterioles lead into capil- 
laries. The sum of the sectional 
areas of the branches of an artery 
generally exceeds that of the parent 
trunk; and as the distance from 
the origin is increased, the area of 
the combined branches is increased 
also. After death, large arteries 
being thick walled cannot collapse 
completely like the veins, and are 
empty. It was because of this 
that their name was given them, 
as the ancients believed they con- 
veyed air to the various parts of 
the body. 

wall is composed of the following 


{a) The external coat or tunica adventitia (fig. 62, a), the strongest 
part of the wall of the artery, is formed of areolar tissue, with 
which is mingled throughout a network of elastic fibres. At the 
inner part of this outer coat the elastic network forms, in some 
arteries, so distinct a layer as to 0%^ sometimes called the external 
elastic coat (fig. 62, e). ^ 
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(b) The middle cont (fig. G2, is eoiiiposed of l)()Ui iinisclo 
and elastic fibres, witli a certain proj)ortion of areolar tissue. Tn 
tlie larger arteries (fig G2) its tliickness is coniparatjvely as well as 
absolutely niucb greater tlian in the small ones , it constitutes the 
greater part of the arterial wall. The muscl(i-lil)r(\s arc unstriped, 
and arc arranged for the most part transversely to the long axis 
of the artery; while the elastic clement, taking also a transverse 
direction, is disposed in the form of closely interwoven and 
branching libres, which intersect in all parts the layers of musede- 
fibros. In arteries of various sizes there is a difference in the 
proportion of the muscular and elastic clement, elastic tissue pre- 
ponderating in the largest arteries, and unstriped muscle in those 
of medium and small size. 

(c) The internal coat is formed by a layer of elastic tissue. Its 
inner surface is lined with a delicate layer of elongated endothelial 
cells (fig. G2, e), which make it smooth, so that the blood may flow 
with the smallest possible amount of resistance from friction. 
Immediately external to the endothelial lining of the artery is fine 
connective tissue (svhendothelial layer) with hramdied corpuscles. 
Thus the internal coat consists of three })arts: {a) an endothelial 
lining, (Ji) the subendothelial layer, and (c) an elastic fenestrated 
layer 

Vana Vasoruni . — Tlie walls of tlie arteries are, like other parts 
of the body, supplied with little arteries, ending in capillaries and 
veins, which, branching throughout tlie external coat, extend for 
some distance into the middle, hut do not reach the internal coat. 
These nutrient vessels arc called vam vasormn. 

Nerves. — Most of the arteries are surrounded by a plexus of 
sympathetic nerves, which terminate in a plexus between the 
mnscle-fihres. 

The Veins. — The venous system begins in small vessels whi^ 
I are slightly larger than the capillaries from which they spring. 
These vessels are gathered up into larger and larger trunks until 
they terminate (as regards the systemic circulation) in the two veme 
cavie and the coronary veins, which enter the right auricle, and (as 
regards the pulmonary circulation) in four pulmonary veins, which 
enter the left auricle. The total capacity of the veins diminishes as 
they approach the heart; but, as a rule, their capacity is two or 
three times that of the corresponding arteries. The pulmonary 
veins, however, are an exception to this rule, as they do not exceed 
the pulmonary arteries in capacity. 

Structure . — In structure the coats of veins bear a general 
resemblance to those of arteries (fig. 63). Thus, they possess outer, 
middle, and internal coats. 

(a) The outer coat is constructed of areolar tissue like that of 
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the arteries, but it is thicker. In some veins it contains muscle- 
fibres, wliich are arranged longitudinally. 

(6) The middle coat is considerably thinner than that of the 
arteries ; it contains circular unstriped muscle-libres, mingled with 

a few elastic fibres and a large 

Q proportion of white fibrous tissue. 

In the large veins, near the heart, 
V namely, the ve7ice cavce and pulmonary 

veins, the middle coat is replaced, 
hJ, for some distance from the heart, by 
circularly arranged striped muscle- 
fibres, continuous with those of the 
® auricles. The veins of bones and of 

■■ the central nervous system and its 

membranes have no muscular tissue. 
W "The mternal coat of veins has 
, 'u‘ ^ ‘ ’ a very thin fenestrated membrane, 

which may be absent in the smaller 
• I ^ veins The endothelium is made up 

^ . of cells elongated in the direction of 

the vessel, but wider than in the 

main distinction 
i arteries and veins is the 

'''%LTlSry an,'i of valves ill the latter 

membrane of a child’s epiglottis; the|| veSSels. TllO general COnstrUcUoil of 
artery Is thick-walled and the \ein thin*™ ® . ,i . p i 

walled. A Artery, the letter IS placed* these ValveS IS Similar tO that of the 

theiiS S witLmVerS^^^^^ valves of the aorta and 

Srractis'tSon^e^^^^^^^^^^^ puliuonary artery, already described; 

them a double wavy lino marks the? but tlicir free margins are turned in 

elastic layer of the tunica intima m ^ j 7 

Tunica media, consisting of unstripedt tlie OppOSlte QirectlOn, 'l.e., lOWdTiiS 

the lieart, so as to prevent any move- 
'neiit of blood backward. They are 

the circular nuclei of the connective- COmmOllly placed 111 pairs, at VariOUS 
tissue corpuscles. This coat gradually t , • 1 • / 1 ' i. • i i. 

merges into the surrounding connective - dlStailCeS in dlllereilt VeillS, but 

¥rotheV Mtora “tie almost Uniformly in each (fig. 64). 

artery. The muscular coat of the vein In the Smaller VcinS sillglo ValveS 

(m) Is seen to bo much thinner than i ,i 

that of the artery, x 860 . (Klein ai’o oftoii met With ; and three or 

and Noble Smith.) «. ^ i j i. 

. . four are sometimes placed together, 

or near one another, in the largest veins, such as the subclavian, at 
their junction with the jugular veins. They are composed of an 
outgrowth of the subendothelial tissue covered with endothelium. 
Their situation in the superficial veins of the forearm is readily 
discovered by pressing along their surface, in the direction opposite 
to the venous current, i.e. from the elbow towards the wrist; little 


Fio. C 8 . — Trans\ scclion through al 
small artery and vein of the mucous] 
membrane of a child’s epiglottis; the 
artery is thick-walled and the \ eiii thin- 
walled. A Artery, the letter is placedj 
in the lumen of the vessel e, Endo- 
thelial colls with nuclei clearly visible ;, 


the circular nuclei of the connective- 
tissue corpuscles. This coat gradually 
merges into the surrounding connective ■ 
tissue V. Ill the lumen of the vein 
The other letters are used as in the 
artery. The muscular coat of the vein 
(m) Is seen to bo much thinner than 
that of the artery, x 860. (Klein 
and Noble Smith.) 
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swellings ap[)e;ir in the ])Osition of each ])air of valves These 
swellings at oncii (lisa])[)ear when the pressure is removed. 

Yalves are not equally nunieroiis in all veins, and in many they 
are absent altogether They are most nnmei’ous in the veins of the 
extremities, and more so in those of the leg than the arm. They are 



Fid (il -niat'iam sliownij' part, of a vi'ni 
laid open and spioad out, with two 
jiairs of \al\ps 



Fid <>'» - A, Vein with ^alv( 1 S open 

11, with \ahcs closed, with balloon- 
ing ot the vein above 


commonly absent in veins of less than a line in diameter, and, as a 
general rule, there are few or none in those which are not subject to 
muscular pressure. This fact is of considerable physiological import- 
ance, since the conqiression of the veins by the muscles is an 
important factor in assisting the return of blood to the heart. 

The Capillaries. — In most cases the blood iinds its way from the 
small arteries to the small veins through a network of minute 



Flu. CO. — Diiigitini of capillary .showing the nucleated endothelium of which it is composed and two 
Uouget celK (Aftei Klein, Noble Smith, and Vimtrup ) 

cylindrical vessels called capillaries But in certain cases (para- 
thyroid, spleen, tlip thyroid of some animals, erectile tissue, the 
placenta, and the oii^ryonic liver and kidney) the connecting systems 
of vessels are larger and have an irregular shape; these vessels are 
termed sinusoids. 



IIG 


THE CIRCULATOKY SYSTEM 


[CH. X. 


The walls of both capillarins and sinusoids an^ coni])osed of 
eiidotlu3liuiii — a sinolo lay(ir of (3loni^atod flattened and nucleated 
cells, so joined and dovetaile<l together as to form a continuous 
tran8))ar(3nt membrane (fig 0(3). At intervals on the capillaries lie 
the so-called liougct cells whuili send out fine processes which closely 
embrace the endothelial meinbrane. 'J'hcy have been likened to a 
thinly-spread layer of the muscular coat of the larger vessels, and it 
is claimed that hy their contraction and relaxation the lumen of the 
ca]ullarios may be (liminished or increased; the endothelium has been 
described as wrinkled beneath the contracted liouget cells There 



Fi< (>7 — Nt'lwoik (»f (Mpill.in 
\css('ls of th(‘ .iM-crlls ol I lie 
hoTsf's luti}; nia^oiilK <1 (f, 

('apillarii's pruc cf'iliiig fn)in 
h, triiniiial bi.iiic’lics of Die 
piiliiioiinry .irC-ry (l*i(‘y ) 



1< K. PR - i-apil- 
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is, however, evidc^nce that the cells of the ca])illarics can contract 
inde])endently of the Eoiiget cells. Clark has shown that if the 
development of a tadpole is delayed by chloretonc, the contractility 
of the capillaries may be seen before the Eoiiget cells develop. This 
power of contractility may render many capillaries invisible, so that 
if a piece of tissue is observed under the microscope capillaries are 
seen to appear and disappear. 

The diameter of the capillary vessels varies slightly in the 
different tissues of the body, the most common size being about 
inch (12 ^u). 

The form of the capillary network and the size of the individual 
capillaries vary considerably in different parts of the body. 

It may be held as a general rule, that the greater the activities 
of an organ are, the more vascular it is. Hence the narrowness of 
the intersiiaces in all glandular organs, in mucous membranes, and 
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in {^rowing parts, and thoir much greater width m bones, ligaments, 
and other comparatively inactive tissues 

Arterio-Venous Anastomosis. — In some regions the arterioles 
and venules communicate directly, for example m the ear of the 
rabbit The function of these anastomoses a])pears to lie to allow 
hot blood to pass freely through the part for purposes of cooling. 
((Jrant) 

Collateral Circulation. 

Wliiui the main artery or vein of a pait of the body is occluded, 
collateral cinnilatioiis rapidly open up and cpiite small vessels may 
enlarge and take over the function of the larger vessels This is 
possible because of the free anastomosis of arteries and of veins, 
but the exact stimulus winch dehirmines the enlargement is not 
known In the case of the arm, for examjile, if the brai'hial artery 
is blocked the circunillex artery may enlarge and become the main 
sup})ly of the arm. 
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TJIE CIR(U]L\T10N 

Previous to tlio time of lliirvtiy (1G2<S), the v.iL^nicst notions pre- 
vailed regaiding tlu; nse and movements of the ])lood Tlio arhnaes were 
supposed ])y some to contain air, hy others to contain a more subtle 
esseiKje called animal spirits, the animal spirits were supposed to 
start from tlie ventricles of the brain, and they were controlled by 
the soul which was situated m the pineal ^laiid. JTow the animal 
spirits got into the arteries was an anatomical detail which was 
the imagination. 

^j^Tliere was an idea that the blood was subject to a to-aiuHro 
Ihovoment which was conlincd to the veins The proofs that the 
movement is in a circle were discovered by William Harvey, to 
whom also belongs tlio credit of pointing out tlie methods by which 
almost every physiological problem must bo studied. In the first 
})lace there must be correct anatomical knowledge, and in the second 
there must lie experiment, liy which deductions from structure can 
be tested; this second method is the more important of the two. 
Harvey’s work on the circulation fullilled both these reiiuirenients. 
The structural or anatomical facts on which lie relied were: — 

1. The existence of two distinct sots of tubes in connection with 
the heart : the arteries and the veins. 

2. The existence in the heart and also in the veins, of valves 
which allow the passage of the blood in one direction only. 

His experimental tindings were: — 

3. That the blood spurts with great force and in a .jerky manner 
from an artery opened during life, each jerk corresponding with a 
beat of the heart. 

4. That if the large veins near the heart are tied, the heart 
becomes pale, flaccid, and bloodless, and on removal of the ligature 
blood again flows into the heart. 

5. If the aorta is tied, the heart becomes distended with blood, 
and cannot empty itself until the ligature is removed. 

(). The preceiliiig experiments were performed on animals, but by 
tlie following experiment he showed that the circulation is a fact in 
man also ; if a ligature is drawn tightly round a limb to compress 
the artery to the part no blood can enter it, and it becomes pale 
and cold. If the ligature is relaxed so that only the veins are 
121 
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(;oin])rosH(!(l 1)1()0(1 can enter hnt cannot leave and the linil) becomes 
Hwollen. H‘ tlie ligature is reninvcd, the lind) soon regains its normal 
appearance. 

7 . Harvey also niiMsiired the amount ot hlood wliieJi tlie lioart 
('.oiild liold and tlie total amount m the body. He reasoned tliat in 
order to make it ])osKihle for tlie lii'art to ])ump out siieli an amount 
at eaeh Ix'at the same hlood must he used over and over again. 

8 . If an artery is wounded, hamiorrhage may be stopped by 
pressure a[)[)l led between the heart and the wound , but if tbe wound 
^ in a vein, the piessiiro must be applieil beyond the seat of injury. 
^ Since Harvey’s time many other proofs have acmimulated. For 
iidtl^nce : — 

9 . Perhaps the most satisfactory })roof of the circulation is one 
now within the reach of every student, though beyond that of Harvey. 
It consists 111 actually seeing the pas.sage of the blood from small 
arteries through capillaiies into veins in the transparent parts of 
animals, such as the tail of a tadpole or the web of a frog’s foot. 
Harvey could not follow this part of the circulation, for he had no 
lenses sullimently powerful to enable him to see it Ha,rvey’s idea 
of the circulation here was that the arteries carried the blood to the 


tissues, which he considered to he of the nature of a sponge, and the 
veins collected the blood again, much in the same way as drainage 
pipes would collect the water of a swamp. The discovery that the 
ends of the arteries are connected to the beginnings of veins by a 
dolinite system of small tubes we now (*all capillaries, w^as made 
by iMalpighi, in the year lOGl. Ho first observed them in the lung of 
the frog, and Leeuwenhoek, seven years later, 



saw the circulation in the tail of a tadpole. 

The Principle of the Circulation. — 
The simplest possible way in which wo can 
rcjireseiit the circulatory system is shown in 
tig. 69 . Suppose we had a ring of tubing 
with a bulb (H) wlmdi could be compressed 
by hand. If the apparatus w^ere lilled with 
Iluid and the bulb compressed there would 
be a to-and-fro movement of the fluid. The 


iiresence of valves, however, which permit 

I'UI (59 — Siiiiph' lUDtlcl ul the li ^ • t .• i i i ^ 

emulation. tlic flow HI oiic direction only would convert 

the flow into a circulation as illustrated in 


the figure. If the contraction and relaxation of the bulb which 
corresponds to the heart were repeated often enough the fluid would 
move round and round within the tubular ring. 

The mam factor in the circulation is difference of pressure. In 
general terms fluid flows from points of high jiressure to those of 
lower pressure. This difference of pressure is produced in the first 
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instance by the C()ntra(3tion of the licart, but we shall find in our 
study ofy^the vessels that some of UukS pressure is stored up in the 
elastic,,ii»rferial walls, and keeps up the circulation during the periods 
wji^ the lieart is resting. 

In worms, the circulatory system is almost as simple as in the 
model just described, the heart is a long contractile tube provided 
with valves ; along it a wave of eontraction passes and presses the 
blood forwards into the aorta at its anterior end , this divides into 
arteries for the supply of tlie body, the blood passes through these 



Fui 70 — 'I'lit' heart of a fruj' (liana escnleiita) 
from tli(! front r, \eiilricle, Ul, riKht 
aniicle, Js, ii ft am lele , /i, hulhiis arteii- 
osiis, dividing into right and left aort.e 
(Kcker ) 



Km 71 —Digram of liog heart 
V = veiitrielp, A amiclo, 

S =- simis, C A eoims 
arteiiosUs Ironi winch the 
atnta oiiginates Het\\t‘en 
the sinus ami ttie aiiiiele the 
siMO - auru ular junction is 
indicated by the dotted line 


to capillaries, and is collected by veins which converge to one or two 
main trunks that enter the heart at its posterior end. 

In fishes the heart is divided into a number of chambers placed 
in single file, one in front of the other. 

Taking the frog as can instance of an amphibian, we find the 
heart more complex, and the simple action of the heart muscle, as 
wo have described it in the hearts of worm and fish, is corre- 
spondingly modified. There is only one ventricle, but there are 
two auricles, right and left. 

The ventricle contains mixed blood, since it receives arterial 
blood from the left auricle (which is the smaller of the two), and 
venous blood from the right auricle; the right auricle receives the 
venous blood from the sinus, which in turn receives it from the 
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systeii^ veins. Tlie loft auricle, as in man, receives the blood from 
thm^fmlinonary veins 

(i^Wlion the ventricle contiaets, it forces the blood onward into 
the aortic liull) which divides into branches on each sitle for the 
supply of the liead (fig. 70, 1), lungs and skin (fig. 70, 3), and the 
third brancli (fig. 70, 2), unites with its fellow of the opposite side 
to form the tiioraeie aorta for the supply of the rest of the body. 

In reptiles, the division of the ventricle into two is beginning, 
but it is not (iomplcte till we reach the liirds. The heart reaches 
its fulhist development in mammals, and wo have already described 
the human as an example of the mammalian heart. The sinus is 
not })rescnt as a distinct chamber in the mammalian heart (except 
in a very early fmtal stage), but is represented by that portion of the 
right auricle at which the largo veins enter. 
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I’llYSIOLOGY OF THE II FART 

The Cardiac Cycle 

The stnTBH of eliaiiges wliicli occurs m the heart constitutes the 
cd.rdtac (‘yclc Tins must be (listiuouislicd from the course of tlie 
circulation. The term “(jycle” imlicates that if one observes the 
lu^art at any particular moment, the heart from that moment 
onwards undergoes certain changes uid;d it once more assumes 
the same condition that it had at the moment when the obser- 
vation commenced, when the cycle is again ri^peaicd, and so 
on This scries of (;hang(^s (amsists of alternate contraction and 
relaxation. Contraction is known as systole, and relaxation as 
diastole. 

The contraction of the two auricles takes place simultaneously, 
and constitutes the anrindar systole; this is followed by the simul- 
taneous contraction of the two ventricles, 'ventricular systole, after 
each systole the auricles and ventiiclos relax or go into diastole 
in the same order. The auricular diastole begins before ventricular 
systole is over and is followed by ventricular diastole The cycle 
again commonces with the auricular systole. 

Taking 72 as an average number of heart-beats jier minute, each 
cyide will occupy d. of a minute, or a little more than 0 8 of a 
second. This may be approximately distriliuted in the following 
way 

Auricular .systole . about 0*05 r Auricular diastole . 0 75 = 0’8 
^^j^^j^'l^ritricular .sy.stolo . ,, 0'3 ) Ventricular diastole . 0 5 == 0 8 

If the Speed of the heart is quickened, the time occupied by 
each cycle is diminished, but the diminution allects chielly the 
diastole. 'These dilferent parts of the cycle must next be studied in 
detail. 

Auricular Diastole — During this time, the blood from the large 
veins is llowing into the aurich‘S, the pressure in the veins though 
very low being greater than that in the empty auricles. The 
blood expands the auricles As soon, however, as the auriculo-* 
ventricular valves open the blood passes through into the ventricles. 
These valves open as soon as the pressure in the auricles becomes 
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tlian tliat in the veiitriclos, tliafc is at the hcgiiiiiing of 
ventricular diastole. 


The dilatition of the aurieles is assisted by the negative pressure in the thorax. 
The lungs being in a elosed e.ivity, the thorax, and being distended with air, are 
in virtue of their elastieity always tending to recoil and sipieeze the air out of their 
interior; in so doing they drag upon any other organ with which tlunr surface 
IS in contact; this cLislic traction will be greatest when the lungs are most 
distended, that is during inspiration, and will be more felt by the thiii-walled 
auricles than by the thick-walled ventricles of the heart. 

Auricular Systole — By coiitractiug, the auricles empty them- 
selves into tlio ventricles which arc already full. The contraction 
commences at the entrance of the great veins, and is thence pro- 
pagated towards the auriculo-ventricular opening, llcgurgitation 
into the veins is prevented, not l)y valves, hut hy the contraction 
of the muscle around the venous inlets. 

F ^ntricular Diastole . — During the last part of the auricular diastole 
and the wliole of the auricular systole, the ventricles are relaxed 
and then tilled with blood. The dilatation of the vcntrhdcs is 
brought about in viiTue of their elasticity and by the pressure 
of the venous blood 

Ventricidar Systole . — This is tlie contraction of the ventricles, 
and it occu}ties more time than the auricular systole ; when 
it occurs the auriculo-ventricular valves are closed and prevent 
regurgitation into the auricles, and when the force of the systole is 
great enough, the pressure within the ventricles exceeds that in the 
largo arteries which originate from them; the semilunar valves are 
opened, and the ventricles empty themselves, the left into the aorta, 
the rig|it into the pulmonary artery. 


of the Valves and Pilling of the Heart. 

1. The ventricles are filled by the ju'essure of the hlood in the 
veins and the fluid ejected from the auricles during their systole 
causes slight additional distension of the ventricles. 

The auriedos are therefore to be looked upon as accessory to 
ventricular filling but not essential. In canliac disease, e y. 
auricular fibrillation, the auricles cease to act normally and ven- 
tricular filling depends solely on venous pressure. The auriculo- 
ventricular valves are gradually brouglit into place by eddies and by 
blood getting behind the cusps and lifting them up; by the time 
diastole is complete, tlio valves are in apposition, and are firmly 
closed by the pressure set up by the systole of the ventricles. 
The diminution in the size of the auriculo-ventricular rings which 
occurs during systole, renders the auriculo-ventricular valves com- 
petent to close the openings between the auricles and ventricles. 
The margins of the cusps of the valves are still more secured in 



CH. xn.] 


ENDOC AKl )IA( I'K* ESSUU E 


129 


apposition to onn anotlior, ])y the simultaneous eontiaetion of the 
mnscnili papillar(\s, whose (ihoidie tmuliiu'.e have a s[u'<‘ia.l mode of 
attachment for this ohp'et The cus])s of the aiirnmlo- ventricular 
valves meet not hy their edges only, hut also hy the o[)])osed surfaces 
of their thin outei' borders 

The contraction of the pa])illary museles to Ihe tip of whudi are 
attached the chordie tendineai prevents th(^ aiirienlo- ventricular valves 
being pressed hack into the auriidcs when the vamtrndes contract. 

2. The Seinilimar Valves — The first result of the contraction of 
the ventricles is the closure of the auriculo-ventricular valves, and 
as soon as this has been eflected the intraventricular pressure begins 
to rise. It ipiickly reaches a point at which it equals the aortic 
pressure, and then exceeds it, and as soon as tliis ])ressure ditrerence 
has been established the aortic valves are ojienod and blood flows 
from the ventricle into the aorta The valves are kojit open as long 
as the intraventricular pressure exceeds the aortic As soon as the 
heart has oni])tied itself, the ventricle begins to relax 'Idio valves 
tend to fall into position because of eddies sot u[) by the outrushing 
blood, and, as soon as the pressure in the vmitricles falls below the 
pressure in the aorta, they are closed sharply. 

Time Relations of the Events of the Cardiac Cycle, 

These have been studied by investigating the changes in pri'ssure 
inside the heart (endocardiac pressure) and the change's in the- 
volume of tlu5 organ A tube or sound is jiassed into the part of 
the heart concerned. For the right side of the heart it may be 
passed down the jugular vein. 

Records may be taken by conneefang the sound to a manometer 
on the principle of Marey’s tambour luit of stouter material (see fig 
78). The Hurthle or Gadd manometer has a moving mcmbiane of 
thick rubber or metal respectively so that it responds rapidly. In 
each instance the recording apparatus is (Minnccted to the sound by 
tubing filled with anticoagulant llunl as in recording blood-pressure 

By far the most accurate results, however, are obtained by 
connecting the cardiac cavity by mi'uns of a tube witli an optical 
recorder instead of a tambour bearing a h;ver Recorders for 
the purpose witc introduced by Frank, elaliorated by Riper 
anti more recently by Wiggers In this apparatus a small rubber 
membrane is stretclied over the end of a tube with a flattened 
side. On the membrane next the flattened side is attached a mirror 
from which a beam of light is reflected (fig. 72). The movements 
of the beam are recorded on a moving photographic film, as in the 
electrocardiograph. The apparatus is standardisetl by attaching it to 
an ordinary JJ-tube mercury manometer and noting the extent of 
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the movement of the beam wlien tlic pressure in the system is 
changed a known amount. A record taken hy an optical recorder 
is sliown in fig 73, and from siicli ohservations the following phases 
of the c.ardiac cycdo liavo been determined hy Tiper and ))y Wiggers. 
'Idle actual times need not he committed to memory, but the causes 
of eacli change of jiressure sliould lie noted. 



j.'io T‘2 — Modithxl Wiggers tnaiiometer — A, glass tube witli flattened aide, B, rubber 
membrane atretoheil over end of A , C, celluloid triangle cemented on to B ; D, small 
mirror , K and F, incident and reflected lays respectively. 


(1) Auricular systole 0 05 sec., diastole 0 75. 

(2) Ventricular systole Total duration 0 33 to 0 23 sec. according 
to the rate of the heart (i-iii in fig. 73). The period between ii and 
III IS known as systolic 

During the first part of the systole the ventricle is a closed 
cavity and for this period Wiggers uses the term Isometric Phase. 
In the second part blood is expelled into the aorta (Ejection Phase). 

(3) Ventricular diastole. There are two distinct phases of 
ventricular diastole (iii-i). In the first the ventricle docs not fill 
and in the second the ventricle fills 

(a) Early diastole (iii-iv), from the beginning of relaxation till 
closure of aortic valves and during isometric relaxation in which 
the ventricle is again a closed cavity, i e. before the auriculo- 
ventricular valves open. 

(h) The remainder and most important part of diastole is divided 
into two phases (iv-v and v-vi) during which the inflow is rapid and 
slow respectii ely. At the end of the slow phase (v-vi) the contraction 
of the auricle occurs which hastens the last part of diastolic filling 
of the ventricle. 

The total length of diastole varies very much according to the 
rate of the heart. The important point, however, must be noted 

* So called because the ventricular muscle develops tension but has not 
shortened. 
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that the iiiaiii filling of the heart occurs during the first third 



recurd has been taken by means of a oardiometor (see IJg 86) attached to an oiitical 
recorder Some similar records such as those taken by ihpei .sliow a small change between 
III and IV which corresponds to tlio olosuie of the aoitic valves. The dotted lines indicate 
the radial and jugular pulses and the electro-cardiogram. 

which may occur between v and vi does not materially affect the 
total filling. 

Intra-Auricular Pressure. 

The chief interest in tliis pressure lies in the fact that the changes 
which occur in the auricle are similar to those which ajipear in a 
record of a venous pulse (p. 172) except that in the auricular record 
the waves occur earlier in the cardiac cycle. The changes which take 
place are discussed in relation to the venous pulse. 

The actual pressure in the auricles is not normally in excess 
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of f) imii ir^ TJiis iii(lio;it(‘.s llio oHoniious eflect which a leaky 
jiiiiral valvci Jiiii.si have siiic(3 Ihc^ systolu', picKsuve in tlie left 
veniiicl (3 v;n i(‘s coninioiily fioni ahont 120 <luiTn_f; vc'st to about 
200 nini 11” dui-iii” {c\<ii‘c]se I'ho systolic })ressiire in the right 
V(3iitrjcl(; IS about a ({iiaiter of that in the lef(^ 

The Sounds of the Heart. 

When the ear is ]3lace(l over the region of the heiart, two sounds 
whicdi follow in (juick succession, and aie succeeded hy a 'punse or 
])criod of silence may he heard at every heat of the heart. The 
first or systolic sound is dull and prolonged; i(.s commencement 
coincides with the imj^^act of the heart against the chest wall, and 
it lasts dining the greater ])art of the ventricular systole; it 
just ])recedes the ]mlse at the wrist. The scroiul or diastolic sound 
IS shorter and sharper, with a somewhat llap])ing character, it 
follows the end of ventricular systole, and is audible just after the 
radial ])ulse is felt. The sounds are often compared to the syllaldes, 
I ilbb — dup 

Causes.-— Sound — Two factors enter into the production of 
this sound: the muscular contraction of the heart, and the closure 
of the auriculo-ventricular valves The following facts are evidence 
that the muscular contractions are concerned: (1) the sound 
rcsemhh^s that produced hy a contracting voluntary muscle; (2) the 
sound may he heard when the heart is empty, as in the excised 
heart. With regard to (1)* although the cardiac contraction is a 
twitch and that of voluntary muscle normally a tetanus, it must 
he borne in mind that uneipial tension rejicatedly set up in the 
intricately interlaeiMl lihres of the ventricular wall would lead to 
the production of a sound It is im[)ortant, however, to realise that 
mum the valvular element in the sound depends on the muscular 
contraction, since the latter is indirectly responsible for the closure 
of the valves. The loudness of the first sound is therefore to some 
(i\t(mt an indication of the fitness of the heart-musede and its 
eiifeohlenumt may indicate approaching heart failure, eg. in fever. 

The cause of the second sound is simpler and consists entirely 
of the vibration consequent on the sudden stretching of the semi- 
lunar valves when they are jircssed down across the orifices of the 
aorta and jiiilnionary artery. The intluence of these valves in 
producing the sound was lirst demonstrated by Hope, who experi- 
numtod with th(3 hearls of calvc's In these experimcnls two delicate 
curved needles weie inserted, one into the aorta, and another into 
tlie judmonary artery, below the line of attaidiment of the semilunar 
valvi‘s, and, aftm’ ludng carried upwards about half an inch, were 
brought out again through the coats of the respective vessels, so 
that ill e.ich vessel one valve was included between the arterial 
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walls and the wire U})()n ap])lying the st(ith()sc ()])0 to the vessels, 
after such an operation, the second sound ceased to he audible. 
Disease of these valves, when sullicient to interfere with their 
efficient action, also demon stratc's the same fact hy modifying the 
second sound or destroying its distinctness The diip hecomes duff. 

The contraction of the auricles is inaudihle 

The first sound is heard most distinctly at the apex-heat in the 
fifth interspace; the second sound is best lu^ard ov(;r the second right 
costal cartilage— that is, the placic where the aorta luis nearest to 
the surface. The ])ulmonary and aortic valves generally close simul- 
taneously. In some cases, however, the aortic may close slightly 
before the pulmonary valves, giving rise to a “reduplicated second 
sound ” The pulmonary contribution to this sound is best heard over 
the second left costal cartilage 

The apex-beat in man is felt normally in the fifth left intercostal 
space three and a half inches from the middle hue It is caused 
by two factors The heart hecomes hard and tense and is therefore 
capable of causing an impulse against the chest-wall. Its attach- 
ment to the aorta hecomes more rigid, and when the aortic pressure 
suddenly rises during systole the aorta, tending to straighten out, 
causes the lieart to jiress more lirmly against the thoracic wall; the 
aorta cannot straighten to any extent in a haiffiward direction 
because of tlie rigid vertebral column behind it 

When the left ventricle is cnlargcMl th(‘ a])(^x-beat may bo 
displaced ajiprecialily to the hdt. 

Cardiographs. 

A cardiogra})h is an instrunuMit for obtaining a graphic record 
of the heart’s movements In aniniiils the heart may be ex[)osed, 



and levers conneett'd to its various jiaits may bi" employed to 
write on a revolving blackened surface 

A simple instniment for the frog’s heart is shown in fig. 74. 
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The sternum of the pithed frog having been removed, the peri- 
cardium opened, and the frjenum (a small band from the back of 
the heart to the pericardium) divided, the 
heart is pulled through the opening, a 
minute hook placed in its apex, and this 
is fixed by a silk thread to a lever, as 
in the figure. The cardiac wave of con- 
traction starts at the sinus, this is followed 
by the auricular systole, and that by the 
ventricular systole and pause. This is 
recorded as in the next figure (fig. 75) by 
movements of the writing-point at the end 
of the long arm of the lever. Such 
apparatus is, however, not applicable 
to the human heart, and all the various 
forms of cardiograph devised for this 
purpose are modifications of Marey’s 
tambours. 

One (fig. 76) consists of a cup-shaped metal box over the open front of which 
is stretched an elastic india-rubber membrane, upon which is fixed a small JoiQb of 
hard wood or ivory. This knob, however, may be attached, as in the figure, to 
the side of the box by means of a spring, and may be made to act upon a metal 
disc attached to the elastic membrane. 



Fia. 76. — Cardiogram of frog’s 
heart. C, showing auricular, 
followed by ventricular beat; 
T, time in half seconds. 


Tube to communicate^ 
with tambour. 



The knob is for application to the chest-wall over the apex-beat. The box or 
tambour communicates by means of an air-tight tube with the interior of a second 
tambour, in connection with which is a long and light lever. The shock of the 
heart’s impulse being communicated to the ivory knob and through it to the first 
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tambour, the effect is at once transmitted by the column of air in the elastic tube 

to the interior of the second tambour (fig. 78), also closed, and through the elastic 



Pig. 77 —A modification of Maiey’s tambour to which the movement of a column of air 
IS conducted by a tube from another tambour or balloon. Various airangemeiits are 
seen by which the writing lever may have its excursions modified or may be adjusted 
to the writing surface— a smoked paper on a levolving cylinder. (McUowall, by 
permission of Messrs Hawksley.) 




© 






Fig. 78 —Diagrams of a recording tambour (after Marey) D, Drum covered with thin 
rubber It, and carrying a lever L with a fUlcrum at P and a writing point WF. 
The tube T connects with the receiving tambour. 


and movable lid of the latter to the lever, which is placed in connection with a 
registering apparatus. The point of the lever writes upon the paper, and a tracing 
of the heart’s ^pulse or cardiogram is thus obtained. 



The Cause of the Heart-Beat. 

At one time, the rhythm which cardiac muscle exhibits was 
thought to be due to the action of the nerves which supply it. We 
now know that the property of/rhythmical contraction resides in 
muscular tissue itself, though during life it is normally controlled 
and regulated by its nerves. This is expressed by saying that 
cardiac rhythm is myogenic not neurogenic. A few physiologists 
still maintain the older neurogenic theory, but the majority of them 
have worked chiefly on tho hearts of invertebrate animals, whose 
mechanism may be a difierent one. The striking observation made 
by early observers that the heart, especially an amphibian heart, will 
continue to beat after its removal from the body, is not proof either 
way as such a heart still contains many nervous structures. A 
mammalian heart will beat only for a few minutes outside the body 
unless supplied with blood or a substitute. But so far as the 
vertebrate heart is concerned, the myogenic theory is now held, 
because: (1) the fcetal heart manifests rhythm long before any 
nerves reach it; (2) the apex of the ventricle of such animals as 
frogs and tortoises can be made to beat rhythmically by perfusing it 
with suitable fluids under pressure, and this part of the heart has 
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few iiiu'vcs and no ^^an_(^lion noils, and ( 3 ) tlio rate of conduction of 
the cxodtation is slow, and corrosponds to the rate of innscidar rather 
than of iHuvoiis condindion 


Conduction in the Heart. 

As already stated, the slow rate of projiagation of the excitation- 
wav(5 ])oints to its travelling hy a muscular rather than a nervous 
pathway, and histology su])ports this view, the muscle-fibres being 
connected to each othm* by intentidlular bridges of protoplasm (see 
]i. 18). Experimental proof may be obtained in the following way: 
A stri]) of the h(;art-wall is taken and several cuts going nearly 
com])l(itely across it are made first from one side then from tliii 
other. All the nerves must he cut through at least once, so that 
the only tissue n(»t severed is muscular. The strip still continues 
to heat. In other words, the ju’opagation is ini/oilrotinc. The 
jiassage of the wave from one chamber to another is also myodromic 
'file slow rate of propagation indicates that this is so, and the view 
has bemi fully proviid by tlie discovery of muscular strands, passing 
aerosa^^^from one chamber to the next. 

frog under normal conditions the wave of contraction 
'fn the heart starts at the sinus, and travels ovm’ the auricles to the 
ventricle, the irritalulity of the muscle and the power of rhythmic 
contractility are greatexst in the sinus, less in the auricles, and still less 
in the ventricle Under ordinary conditions the apical portion of 
the ventricle exhibits very slight power of spontaiuMius contraction 
The importance of the sinus as the starting-point of the contraction 
can lie shown by warming it If a frog’s heait is warmed by bathing 
it in warm salt solution at about body tenqierature, it beats faster ; 
this is due to the sinus starting a larger number of excitatory waves 
in a given time, this may be demonstrated by warming localised 
portions of the heart liy a small heated rod, if the sinus is warmed 
the heart beats faster, but if the auricles or ventricle are warmed 
there is no alteration in the heart’s rate. The sinus in the frog’s 
heart, and that jiortion of the right auricle in the mammars heart 
wliicli corresponds to the sinus, are always the last portion of the 
heart to cease beating at death, or after removal from the body 
{ultima morions, Harvey). This is an additional proof of the 
superior rhythmical power which it possesses, but this power is 
possessed by all cardiac muscle to a lesser degree. 

In the frog’s heart there is an obvious muscular connection 
between the auricles and ventricle along which the impulses pass. 
By an arrangement of ligatures, or, better, of clamps, one part of 
the heart may be isolated from the rest, and the contraction may 
be made to stop in the portion of the heart muscle in which 
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it bosuns Tt luiiyt not, however, be thought tliat the wave of 
contraction is incapa))le of passing over the heart in any other 
direction than from the sinus onwards; for it lias lieen sliowii that 
by tlie applic'ation of appro])riate stimuli at a})pro])riate instants, 
the natural secpience of beats may bo reversed, and tlie contraction 
starting at the arterial part of the Aentricle may pass to the 
auricles and tlicii to the sinus If clamps or ligatures are not 
applied sufliciently tightly one often sees partial blocking ; a few 
waves get through but not all, or, if the ventricular wall is left 
connected with othm' parts of the heart by only a small portion of 
undivided muscular tissue, the elfcct is much the same : the wave is 
only able to jiass the block every second or third beat. 

In the well-known SfanniHs experimont a ligature is tied between 
the sinus and the auricles, and causes the auricles and ventricle to 
stop beating since the imjmlse can no longer pass from the one to 
the other. This is known as the Stannius h(‘art A second ligature, 
however, betwi'cii the auricles and ventricle causes the ventricle to 
recommence beating at its own slow rate. The second ligature 
apparently acts as a mechanical stimulus by stretching the fibres, 
since a similar effect may be brought aliout by increasing the 
weight of the cardiographic lever or by injecting tiuid through the 
aorta (Michael booster) Section has a similar stimulating effect. 
Gaskell carried out similar experiments using a clamp instead of 
a first ligature. 

In the mammal the foetal remnant of the sinus is called the 
sino-auricular node (Keith and Fla(;k), and this acts as the pace- 
maker since its cells have a remarkable power of rhythmically dis- 
charging impulses. It is situated in the u}»per part of the sulcus 
terminalis near (in front) the entramic of the superior vena cava. 
If tliis part of the auricle is luxated or cooled the heart-rate may 
be increased or decreased, but similar treatment of other parts of 
the heart doi^s not produce this effect. It was indeed this fact 
which led to the discovery of the node. That the excitation-wave 
commences at the smo-auricular node has been fully demonstrated 
by Lewis l)y means of the string galvanometer which records the 
current of action of the heart. By placing electrodes on different 
parts of the heart he has shown that the electrical change occurs first 
at the node. 

The starting-] )oint in our knowledge of spread of the excitation- 
wave to the ventricle in the mammal, was the discovery by Stanley 
Kent of bands of muscular tissue ])assing am'oss from auricles to 
ventricdcs. The principal one was subsequently ami independently 
rediscovered and fully described by lIis, and is known as the 
auriciilo - ventricular bundle or bundle of His. Some animals, 
especially when young, have relics of a right lateral bundle (Kent). 
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Tho ;iuricul()-V( 3 iiinculav Innullo arises from the aurieulo-ventrieular 
110(1(3 wliieli is situated in tlio rii^dit auri(3lo just in frrjnt of th(3 
coronal y sinus It runs forwaid in the lower part of tlio inter- 
anricular si^ptuni to reach the inemliranoiis jiortion of tlie inter- 
viuitrieular se[)tuni Ih^IiiikI tho tricuspid valve; Iku'o it courses 
alon^' tlu; up])(‘r Itordcu- of the muscular part of the s(3j)tum 
ventricuiloruiii The bundle divid(3s into two main liranchos, right 
and left, one for ea(;h ventricle, that for the left penetrating tho 
septum The mam hranehes continue towards the apex, branching 
as they go, their ramifications are (ionnected with the network 
of Purkinje lihres beneath the endoiiardium, which network is in 
turn coiiiKMited with the main mass of ventricular muscle. The 
nodes and bundle are composed of modified muscle-fibres, inter- 
mingliHl with which are many noii-mediillated nerve-fibres, and are 
enclosed in a connective tissue sheath, they receive blood by special 
arteries. The bundle is particularly rich in glycogen. There is no 
special strand coniKicting the sino-auricular ami auriculo-veiitricular 
nodes , tho wave of excitation initiated in the former spreads from 
it through the auricular muscle until it reaches the latter. 

The conclusion that the aurieulo-ventrieular bundle is the 
important link which propagates the rhythmic wave was reached 
first by experiments on animals, and second, by observations in 
dis(3as(‘ in man. In animals, cutting through the bundle abolishes 
the ordinary scquemie of cardiac cv^ents. The auricles go on beating 
as a n'sult of the stimulus dTfTie nod(5, but the ventricles beat at a 
slower rhythm The stimulus for the ventricle is partly tho rising 
v^ous* pressure. 

^ When the bundle is destroyed by disease in man there is a 
similar dissociation betweiin tho auricular and ventricular rhythm, 
the ventricles beating slowly and the auricles rapidly. This condition 
is known as heart-block, and in the early stages of tho disease 
may be incomplete; then one out of every two or three auricular 
waves gets over to the ventricle, just as they do in Gaskelfs 
experiments on the frog’s heart when tho clamp is not sufficiently 
tight 

Such observations throw a good deal of light on the propagation 
of the normal heart - wave. The view generally held is that the 
wave starts in the sino-auricular node, and spreads thence to both 
auricles, it is picked up by the ventricular node of Twara and 
travels to the ventricles by the aurieulo-ventrieular bundle, reaching 
first the papillary muscles, and thence the rest of the heart until 
it arrives at the apex ; finally it returns to tho base of the heart 
in the region of the origin of the pulmonary artery, which is the 
representative of the bulbus aortae in the primitive heart. 
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The Histology of Cardiac Muscle. 

This has been fully described on page 18. The important point 
to emphasise is the intimate connection of all cardiac muscle cells 
with each other. This produces a syncytium which acts as a whole.* 

The Properties of Cardiac Muscle. 

1. Rhythmicality is a fundamental property of the cells of 
cardiac muscle, and may be observed in a single cell when the 
cell has been grown outside the body in tissue culture (Carrel). 

2. The fact that the Stannius heart is quiescent has enabled 
physiologists to study the properties of heart muscle. When the 
heart has been stopped for a little while and is stimulated artificially 
it shows a staircase phenomenon; that is to say, with the same 
strength of stimulus the first few contractions increase in size. 
This is the same as the “warming u])” effect seen in voluntary 



Fio 79 —Staircase from frog’s lieart This was obtained from a Stannius preparation; an induction 
shock being sent into it with every revolution of the cylinder (rapid rate). The contractions 
became larger with every beat. To be read from right to left. 

muscle, but in the heart it is better marked. It must not be 
confused with increased contraction in striped muscle due to 
increased strength of stimulus. 

3. The “ all or none ” phenomenon. — By this is meant the fact 
that the amount of contraction does not vary with the strength of 
the stimulus. A stimulus strong enough to produce a contraction 
causes a maximum contraction, because as we have seen the cells of 
cardiac miiscle are not separate like those of voluntary muscle, but 
are all linked together and act as a single muscle-fibre.* 

4. Refractory Period. — The heart-muscle has a long refractory 
period ; that is to say, after the application of a stimulus, a second 
stimulus will not cause a second contraction until after the lapse 
of a certain interval. The refractory period lasts as long as the 
contraction period and on this account the heart-muscle can never 
be thrown into complete tetanus by a series of stimulations. The 
refractory period can also be shown in a normally beating heart. 
If the heart is stimulated during systole no change is observed, but 

* It seems probable that this syncytium is not so complete in the mammal as in 
the frog, for it has been found that a part of the heart may not contract if a branch 
of the auriculo-ventricular bundle is injured. 
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if the stimulus is applied during diastole, an extra systole is produced. 
If the normal stimulus from tlie auricle reaches the ventricle during 
this extra systole, it produces no eflect and the heart appears to 
have missed a beat. Tliis is known as the compensatory pause 
(fig. 80). Missed beats in man are commonly due to similar extra 
systoles which may be too small to bo felt at the pulse but which 
may be heard by the stetlioscope or demonstrated by the electro- 
cardiograph. The beat following the extra systole may be unduly 
large since the heart is filled witli extra blood during the j^rolonged 
diastole. 



Fio, 80 — Rocord of hoart. For convenjoiico tho points of stimulation (shown by numbers) are 

shown m consecutive heart-beats, but this would scarcely be possible in an actual experiment. 
(See te\t.) The normal stimulus of the sinus to tho auricle is .shown at A 


The importance of tho refractory period becomes apparent when, 
for one reason or another, a source of stimulation occurs in the 
heart in addition to the normal sinus beat. Whether or not this 
extra stimulus will excite the heart depends on the excitability of 
the heart at the time such a stimulus arrives. Sometimes such 
extra stimuli cause the auricle to contract either at great speeds 
or very irregularly. These conditions are respectively known as 
auricular flutter and auricular fibrillation and are importent clinical 
conditions. ' 

' Auricular Flutter. 

flutter is a very rapid contraction of the auricle which depends on the 
^Jroperties of cardiac muscle. 

If a ring (fig. 81 A) of cardiac muscle is stimulated by an induction shock at a, 
the wave of excitation started there travels in the direction of the two arrows until 
they meet at 6 (B, C, D in figure), and when the two crests meet the whole ring is 
in the contracted state (dark shading). While it is contracted it is irresponsive 
to a second stimulus (refractory period). It then recovers in the same order and 
direction as shown in E, F, G, H, until the whole ring is once more responsive 
as shown by the absence of shading. If successive stimuli are appliea, each 
one will elicit the same train of events, provided the time between the stimuli is 
sufficiently long for recovery to take place. If a second stimulus occurs when 
the ring is in the state P\ a fresh wave may be propagated at a, before the 
response to the first stimulus has subsided at h. In these circumstances two 
waves will be moving through the ring as shown in fig. 82, 1, J, K. Suppose 
next that the successive stimuli are thrown in at smaller intervals, .the second 
wave may start well enough at a, and travels at first freely in both directions 
as before, but if recovery in the two halves of the ring is different, in one half 
the wave reaches a point where the muscle is still refractory and so stops, but in. 
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the other half complete recovery may have occurred ; this wave will go on, and be 
able to get all the way round the ring, for by the time it arrives at the point which 
stopped the first wave, refractoriness will have disappeared there ; this single wave 
gets back to its starting-nomt, finds this muscle has also recovered and continues 
its course round and round the ring, a wave which has no ending. In this way the 
last stimulus of a series, the rate of which is carefully controlled, will initiate not 



Fio 81 —The ring oNponmmit (After Lewis ) 


a single contraction but a series of contractions. This is what is called circu s 
movement^ a wave of response which travels continuously through a 
pathofnujgcle. It may in experiments last for hours. The rate of^SwWSHP^ 
as it is called, may rise to 230 to 250 per minute. In the more 
serious state of fibrillation the rate may be much greater. The value of the 
experimental circus movement is that it enables one to investigate the meaningo 
ofjg;irctVs movement in disease. V ^ 

>^lutter is due to continuously circulating waves, with centrifugal offshoots int\> 
^he rest of the cardiac tissue, and in man it has been seen to continue unceasingly 



Fio 82 — Tho ring exporimout. (After Lewis.) 


for many years. In order that the wave may be continuous, and always find the 
muscle it enters in the responsive state, the duration of the refractory period at 
any given point must always be less than the time spent by the travelling wave in 
completing its circuit, and this time will depend on two other factors, namely, the 
length of the circuit and the rate of travel. Treatment of the condition of flutter 
consi.sts in admini.stermg a drug which increases the rate of conduction and 
the duration of the refractory phase so that the miLscle has not yet recovered its 
excitability by the time the excitation arrives. Tha^rug which has so far been 
found most satisfactory is quinidine. ^ 
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Auricular fibrillation is a grossly irregular irregularity of tlie 
auricle arising from gross damage to the auricular muscle. The 
auricle ceases to function and the ventricles are filled solely as a 
result of the venous pressure. The auricular irregidarity leads to 
great irregularity of the ventricles. 

Ventricular fibrillation, — This is incompatible with life and 
occurs commonly at the point of death. In this condition the 
ventricle instead of contracting as a whole contracts and twitches 
irregularly in dififerent parts at the same time and ceases to act 
as a pump. Fibrillation is the cause of sudden death from an 
electric current. Immediate cardiac massage or the injection of 
calcium and potassium may bring about recovery in some instances 
if the damage is not too severe. 

The Electro-Cardiogram. 

The muscular tissue of the heart gives rise on action to an 
electrical disturbance which is in all essential features the same 
as the diphasic variation we have already studied in connection 
with voluntary muscle. The excised beating heart of a frog can 
be readily connected either to a galvanometer or an electrometer; 
a simple diphasic variation is recorded. 

It is, however, possible (as Waller first demonstrated) to obtain 
an electro-cardiogram in man if the hands are each placed in a 
^sin of salt solution which is led off to an electrometer. 

VSiiice the heart-muscle is not a simple longitudinal strip like 
a sartoriiis there is great complexity in the electrical record of the 
intact organ. Thus Bayliss and Starling described in the mammalian 
heart a triphasic variation, which Gotch has shown to be explicable 
in the following way. Leaving out of account complications due to 
auricular activity, he has shown that the contraction process in each 
ventricle and its electrical concomitant commence at that part of 
the base of the ventricle at which it is continuous with its respective 
auricle ; the contraction-wave travels to the apex and returns to the 
part of the base from which the aorta on one side and the pulmonary 
artery on the other side arise. An electrode placed on the base 
will therefore record the increased galvanometric negativity at the 
beginning and at the end of the ventricular contraction ; the electrode 
on the apex will record the middle phase when the contraction-wave 
reaches that point and causes an increase of galvanometric negativity 
there. 

Kecords are usually taken with the string galvanometer but an 
oscillometer may ])e used. In electro-cardiography (fig. 83) the 
electrodes consist of vessels of saline solution into which the hand 
or foot is placed and in each of which there is a zinc electrode in a 
porous pot of zinc sulphate. Such an electrode prevents polarisation 
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(soe }). 4G). In clinical work it is customary to take records 
from three different sources or “leads.” Lead I consists of the 
two hands, lead II of the riglit hand and left foot (axial lead), and 
lead III of the left hand and left foot. The different leads furnish 
information on the comparative activity of the two sides of the heart. 

From what lias been said in relation to conduction in the heart, 
we are in a position to understand the causation of the individual 
waves The size of eaidi varies considerably even in health, but in 
heart disease the electro-cardiogram shows vcu’y marked differences 
from the normal. 

The waves on the electro-cardiogram are explained as follows. 
The wave P, due to auricular activity, is followed by a pause 

. I 1 1 — — I — — 1 1 i 


R 



Fio 88 — Eloctro-carcliograin obtainM by photograpbnig tbo movfMnents of tho thread of a string 
galvanometer. The electrodes were connected to two vessels of salt solution, in one of which 
the right hand of a man was placed , this would lead olf the base of the heart in tho other his left 
foot was placed; this would lead oil the apex of tho heart Waves upwards indieate that the base 
is galvanometncally negative to the apex; downward waves have the opposite meaning. 
Wave P accompanies auricular systole, waves Q, U, S, and T occur during ventricular systole 
The time-tracing (T) shows tenths of a seeond (After Kinthoven ) 


before the waves which accompany ventricular systole occur. During 
this pause it is supposed that the excitatory-wave is travelling along 
tho auriculo-ventricular bundle, the mass of which is too small to 
affect the galvanometer. The remaining waves accompany ventric- 
ular activity ; the final wave T indicates the arrival of the contraction- 
wave at the base. Different observers differ greatly in their 
interpretations of the waves Q, K, S. 

According to Lewis, the excitation-wave starts in the septum 
of tho ventricles, travels down this to the apex, and from the latter 
up the lateral wall to tho base. Throughout this passage the 
electrical axis constantly changes, and it is this change which 
is responsible for the complexity of the electro-cardiogram. The 
deflection R represents the negativity of the lead from the right 
upper limb; this is produced not by activity of the base, but by 
the active process passing down the septum before there is activity 
either at apex or base ; the deflection S is produced after the active 
change has finished in the septum and at the apex, that is to say, it 
is produced by activity at the base. Yet this deflection S represents 
relative negativity of the lead from the left lower limb. 
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An important feature of the electro-cardiogram is that it gives 
definite inforjiiation regarding the rate of the auricle compared with 
that of the ventricle, and the time taken for the impulse to pass 
down the auriculo-ventricular bundle, as indicated by the PE 
interval. The ])oIygraph (see p. 172) is used for a similar purpose. 



The heart of a healthy adult at rest contracts 60 to 80 times 
in a minute ; but many circumstances cause this rate to vary even 
in health. The chief are age, temperament, sex, food and drink, 
exercise, time of day, posture, atmospheric pressure, temperature. 

In regard to other animals than man, it may be stated generally 
that the smaller the animal the more rapid the heart-rate since the 
metabolic rate in small animals is much greater than in large animals. 
{See Metabolism.) 

The frequency of the heart’s action gradually diminishes from the 
commencement to near the end of life, thus : — 


Before birth the average number 
of pulsations per minute is . 160 

Just after birtli . . from 140 to 120 

During the first year . „ 130 to 115 

During the second year „ 115 to 100 


About the seventh year . from 90 to 85 
About the fourteenth 
year . . . 85 to 80 

In adult age . . . „ 80 to 70 

1 In old age . . . „ 70 to 60 
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In health tliore is a uniform relation between tlio frequency of the 
heart-boats and of the respirations; the proportion being 1 respiration 
to 4 or 5 beats. The same relation is generally jnaintaiiied when 
the action of the heart is naturally accelerated, as after food or 
exercise, but in disease this ratio may l)e upset. The rate of the 
heart depends on tlio ])ace-maker, which, as we shall see later, may 
vary its activity espiMually m ivlatioii to exercise. 



Fio. S5 - Knnwlton-Starlnig beart-luiig apparatus (aft«‘r Hemnigway) AC, arteiial raiiimla , 
E air-c)iamb(jr, to giv« elasticity, H, heating apparatus, O, outlet for dotermination 
of output (when determining output tins clip ib o{»ened fur a gneii tune and outlet to 
\enous reservoir closed), P, to pressu re-bottle ; K, peripheral resistance (dotted line 
show.s position during increased resistance); VC, \onous cannula, VK, venous reservoir, 
V'P, manometer to lecoid venous pressure (regulated by screw dtp on tube from reservoir) ; 
AP, manometer to record arterial pressure. 


The Output of the Heart. 

It is evident that the output of the heart is of the utmost import- 
ance in maintaining the circulation. Since the output of the heart 
indicates the rate of the circulation and is presumably determined 
by the needs of the body in relation to the supply of oxygen, its 
estimation, if a convenient and trustworthy means could be found 
f?uitable for man, might be of value in determining not only the 



PHYSIOLOGY OF THE HEART 


146 


[CH. XII. 


needs but also tlie adaptation of the circulation in pathological 
conditions. 

Several methods for the investigation of the cardiac output of 
animals have been devised, but in actual practice only a few have 
been generally retained. 

The Ihavt-Imwj Preparation (Kiiowlton and Starling). — This 
method consists essentially of cutting out the systemic circulation by 
joining a branch of the aorta to the superior vena (’.ava, all the other 
systemic arteries and veins being tied off. In this way all possible 
varj^dcs outside the heart may be accurately controlled. In order 



Fio. 86 — Cardiomotor— rotuposctl of piston nn-onU'r (Kills) and heart idiainber. The 
chamber is inado of ^lass One openini^ leads to the Hcordei and the heart is insetted into 
the other In some lot ms the lattej has a thin rabbet (liaiihiaKm winch has a hole In the 
centre and which fits .aecuiately lound tlni base ol the heait, but in othei forms the heait 
fits into a thin lubber sheatli (as sliuwii) which does not impeilc its action For loiiKei 
records the rubber is perfoiated at the apex and the chamber has an inferior opening by 
which pericardial tlmd may be drained away (llemiiigw'ay) 


to prevent the blood flowing with abnormal freedom from the artery 
to the vein and to maintain a pressure in the system (see Blood- 
Pressure), an artificial variable resistance in the form of a readily 
compressible tube is introduced, while elasticity is also given to the 
artificial system — to simulate natural conditions. The output of the 
heart may readily be measured by allowing the blood to collect for 
a measured period of time in a cylinder beyond the resistance. A 
diagram of the apparatus is shown in fig. 85. 

The value of this method lies in the fact that the filling of 
the heart and the peripheral resistance can be controlled. It gives 
therefore valuable information regarding the heart isolated from the 
rest of the body. 
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Fia 87.— A record showing the effect of the venous pressure on the output of the heart A raising 
of the venous pressure causes a marked increase in the output per beat and per minute. 
(See text ) The upper tracine is a cardiometer record, the lower a record of venous pressure 
in a heart-lung preparation (by Hemingway). To study the rate of change in the heart- 
volume during a single beat an optical record is necessary. 

CardiomeUr Method . — In the intact circulation the method which 
is adopted is that introduced bj Koy. The heart is placed in 
an air-tighb chamber connected with a piston recorder (fig. 86). 
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During diastole the lieart takes up more space and a corresponding 
amount of air is driven into the recorder. Tlie recorder is standardised 
subsequently by running lluid into it from a hurette and a measure 
IS thereby obtained of tlie output })er heat. By counting the heats 
and multiplying the number by the output per beat we find the 
output per minute (fig. 87). 

The method is of special value in ascertaining whetluu’ or not 
a change in arterial pressure, say, due to a drug, is due to a change 
in the output of the heart 

In this way it can bo demonstrated that the output of the heart 
depends primarily on the venous inflow, i.e. the amount of blood 
entering the heart in diastole, and that, quite apart from changes 
in rate, the heart is able to vary its output and the work it does 
according to requirements. This it does in virtue of the fact 
that the greater the initial length of the fibres, i.e. the greater 
the filling, the more forcible their contraction. This has been 
called by Starling the Law of the Heart, but it is applicable to 
muscle generally. 

A rise in blood-pressure within normal limits caused by increasing 
the resistance (It in lig. 85) makes no difference to the output except 
for a few beats. At first the lieart fails to drive out its contents 
adequately, hut if the venous inflow is maintained this is added to 
the retained blood to distend the ventricles which consequently 
contract more forcibly and overcome the resistance. This is an 
important provision in the mechanism of the lieart since there is 
an increased resistance during exercise when it is important that 
the output should bo maintained or increased. 

The rate of the heart makes no difference to the output if the 
venous inflow is low ; but if this is reasonably high, as it usually is 
in the body, a change in the rate modifies the output. The reason 
for this is as follows : The heart increases its rate by shortening 
diastole, but it is evident that such shortening may have the effect 
of decreasing the time for filling. When the venous inflow is low, 
or the heart-rate very fast, this is actually so, with the result that, 
although there may be an increased number of beats, the output per 
beat may be diminished and the output per minute may therefore 
be unchanged or even reduced. On the other hand, when the venous 
inflow is of normal amount, the heart fills in the early part of 
diastole and a shortening of the latter does not therefore seriously 
affect the filling per beat. Since the output per beat is unchanged, 
an increased rate increases the output per minute. These facts may 
readily be demonstrated in an animal. If the blood-pressure is 
recorded and the rate of the heart varied by heating the pace-maker, 
a rise of blood-pressure results. On the other hand, if the animal 
is bled sufficiently (a procedure which, for reasons described later, 
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lowers tho venous pressure) sueli a variation of the heart-rate makes 
no (lifference to tlie hlood-pu'ssure. 

These facts can, howevin*, uNiIly he luhu-red from a study of 
the volume chan(,u3S in the heart taken by means of a cardiometer 
(iig. 73). Ill th(i intact animal it is evident that the venous inllow 
will (h^pend on the venous return. Tliis is discussed later. 

Tliese facts liave a considerable practical importance since 
disease such as hyperthyroidism the heart-rate may reach a rate of 
300 per minute. It has been found that the diastolic volume 
of tho heart begins to decrease slightly at 80 per minute, but the 
increased rate maintains tlie output until 120 is reached. In 
exercise the reduction of diastolic volume is prevented by tho 
increased venous return which occurs at the same time as tlie 
cardiac acc.eleration 

In man it is obvious that such methods cannot be used and, 
unfortunately, no convenient trustworthy method is yet available. 
Probably the method of Douglas and Priestley is the best. Tho 
amount of carbon dioxide in 100 c.c. of venous blood is estimated 
and compared with that in 100 cc. of arterial blood. The difference, 
normally about 4 c c., is that lost by 100 c c. in passing through tho 
lungs when tlie body is at such rest as is obtainable under experi- 
ment. 13y finding tho total amount of carbon dioxide given off in 
a given time, we can arrive at the number of c.c. of blood which 
must have passed through the lungs to have lost this amount of 
CO 2 . This amount really represents the output of the right ventricle 
which is the same as that of tho left. For example, if a man gives 
off 225 c.c. of carbon dioxide per minute and each 4 c.c is given off 
in the lungs by 100 c.c. of blood, then 5025 c.c. of blood per minute 
must have flowed through the lungs. Tho difficulty in tho method 
lies in obtaining a sample of mixed venous blood. This is necessary 
as the venous blood from different parts of the body contains different 
amounts of carbon dioxide and oxygen. In animals a sample of the 
mixed venous blood may bo obtained by a needle plunged into the 
right ventricle, but in man this is not generally possible, although it 
has been done in (lormany. 

The method of obtaining the COg content of the mixed venous blood 
in man is indirect and described in relation to Eespiration. 

A rough estimate of the cardiac output can also be obtained 
from our knowledge of the oxygen content of the mixed venous 
blood by finding the amount of oxygen taken in by the lungs 
per minute and calculating the amount of blood which must have 
passed through the lungs to have taken up this amount of oxygen 
(Zunz). In this calculation it is assumed that in order to convert 
the mixed venous blood into arterial blood, 5 ’5 c.c. of oxygen should 
be taken up by 100 c.c. of blood. Several other methods depend 
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on a similar prin(a))lo ])nt an abnormal <^as is used, c//, nitrons oxide 
(KrogliWitliyl iodide (Henderson) of wliiedi tlie solulnhty in lilood 

IS 

'^^^Tn man the cardiac output, ie of each ventricle, at rest is 
estimated at about 4 to 6 litres per minute, but in severe exercise 
it may be increased to over 30 litres per minute — a most remarkable 
performance for such a small organ. 

The output of the heart it is obvious must, other factors being 
equal, depend on the efficiency of the heart as a muscular 
pump. 

The power of the heart to increase its output is called the cardiac 
reserve, and is of considerable clinical importance. It is appreci- 
ably reduced in cardiac disease because some of the reserve is utilised 
in overcoming the pathological defect, c g. disease of a valve, or of the 
cardiac muscle; less is therefore availalde for exercise, and symptoms 
of cardiac impairment, breathlessness on slight effort, are produced. 
In severe cases all the reserve is used up and exercise is impossible. 
In less severe cases the amount of exercise which can be done 
without discomfort is a measure of the cardiac efficiency. 

In addition to this immediate power of adapting itself to require- 
ments, the heart, like any other muscle, undergoes considerable 
hypertrophy (increase of muscular substance) if increased work is 
done for a considerable time. This is of great importance in practical 
medicine, since in valvular disease of the heart, when a valve is 
leaking or obstructed, the efficiency of the heart depends on its power 
to compensate in this way. 

The hypertrophied cardiac muscle if healthy continues to be 
capable of driving out the contents of the ventricles in spite of the 
failure of the valves — provided this is not too groat and time is 
allowed for the muscle to adapt itself to the extra work. 

In conclusion, it may be pointed out that the mere determination 
of the output of the heart gives very little exact information regarding 
the cause of any change in blood-pressure suedi as might bo produced 
by a drug, as the output depends on two factors, the venous fdling 
and the cardiac efficiency, each of which may vary independently. 

The Pericardium. 

This wo have seen is a sac enclosing the heart. Its/ obvious 
function is to prevent over-distension of the heart, since if the 
organ is filled beyond a certain limit its fibres will act at less 
mechanical advantages ; but since it has been found, post mortem, 
that the pericardium may have been absent or seriously ruptured 
without serious symptoms before death, it has been suggested that 
its function is to prevent the heart from changing its position with 
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changes in posture. It has been shown by Biljsnia, however, that 
the pericardium i)lays an important part in limiting the size of the 
heart and in preventing it from lieing over-distended in exercise. 
He has shown that the response to increased tilling is diminished 
if the pericardium is removed. 

When the cardiac valves arc diseased and the heait becomes 
enlarged the pericardium necessarily enlarges also. 


Work and Gaseous Exchanges of the Heart. 

The heart’s work (consists in discharging blood against pressure 
and in imjiarting velocity to it. The former will clearly depend 
on the output of the heart and on the various factors which inliiience 
blood-pressure, the latter on the blood-pressure. Without going into 
the somewhat elaborate calculations obtained from these and other 
data, it will bo sidlicient to say that 4 V total energy of the 

heait is used in imparting velocity to the blood, hut when the blood 
reaches the aorta the velocity is so checked that the kinetic energy 
of the blood in the aorta is only about of the total imparted by 
the heart. 

it will be observed that the work done by the right side of the 
heart is very much less than that done by the left, but when there 
IS disease of the mitral valve the two may be more alike and the 
right ventricle is ineniased in size. 

On the work of the heart depends its gaseous exchange 

Gascons Exchanges in the Heart . — The using up of oxygen by 
the living heart was well illustrated by an old experiment of 
Yeo’s. lie passed a weak solution of oxyhaunoglobin through the 
excised beating heart of a frog, and found that after it had passed 
through the heart, the solution became less oxygenated and venous 
in colour. ^ 

This is still better shown by the following figures, obtained^-1^ 
Barcroft and Dixon who estimated the gases in the blood enterii^ 
and leaving the coronary vessels of a cat. It will be seen that the 
metabolism in the heart tissue is reduced during vagus inhibition; 
this is followed by increased metabolism during the subsequent 
period, which corresponds to the increase of visible activity which 
then occurs. 


; Normal Heart 


Duniig Vagus 
Iiilubitiuu 


After Vagus , 
Inhibition 1 


Oxygen used up per minute . .1 0*21 c.c. 0*13 c.c. 1 0*34 c.c. 

Carbonic acid given out per minute . | 0 ‘45 c.c. 0‘07 c.c. * 0 22 c.c. 
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It KS })()ssil)lo by sliidyiiig its gas( 3 <)iis exchange to arrivo at an 
i(l(3a of the efbciciKjy of tlin liL3art This has boon dono by Kvans 
on tlie lioart-lung ])reparation. It has boon shown that tlio oxyj^on 
consumption of tho heart hears a direc^t rclationslup to its diastolic 
volume, that is, with a constant rate tlie oxygen consumption may 
be increased by merely incniasing the filling. 'I'hero is, however, a 
])oint of maximum ethciency beyond which the oxygen consumption 
rises out of proportion to tho output. 

Since, as is evident fiom the ex])eriment (|uot(3d abov(\ a change 
in the heart-rate al'feids its oxygen consumption, it is of interest 
to remark that there is evidence which indicates that it is more 


economical for tlie lieart to increase its output per minute liy 
greater work per lieat than liy an increased rate. Tliis fact illustrates 
tho importance of the nervous cardio-inhibitory mechanism, winch 
prevents the heart from beating any faster than is necessary for a 


^dven iidj^. 

1 . 


The Nutrition of the Heart. 


^In tlie lower vertebrates, etj. the frog, the heart is nourished 
directly from the blood passing through it., but fiom the reptiles 
[onwaids theie is developed a spccual bloo(.l-sup})ly in tho form of 
tho coronary vessels. 



Fki. S8 — rOfusiun by Sjrui‘’s c;iiiiiul.i 


Ligature of tho coronary arteries causes almost immediate death ; 
the heart, deprived of its normal hlood-supply, beats irregularly, goes 
into fibrillary twitchings, and then ceases to contract altogether. 

If a frog’s heart is simply excised and allowed to remain without 
being fed, it ceases to beat after a time varying from a few minutes 
to an hour or so. Ihit if it is fed with a nutritive fluid, it will 
continue to beat for many hours. Drugs may be added to the 
perfusion fluid, and their effects noted. I’he fluid may be passed 
through the heart. The frog’s heart, it should be remembered, 
possesses no coronary vessels , the spongy texture of the cardiac tissue 
enables it to take up what it requires from the blood in its interior. 
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The fluid may ])c eau.sed to tlow into the lieart from the aorta or tlie 
vena oava and a locord taken from tlie apex in tJie usual way 

The cannula passes through tlie well-litting sto])per of an air-tight 
vessel containing oil. On one side of the vessel is a tube, in which 
‘a lightly moving piston is fitted, to this a writing-}>oint is attached. 
The piston is moved liaekwards and forwards by the changes of 
volume in the heart which cause the oil alternately to recede from 
and pass into this side tube. The corresponding tube on the other 
side can be opened and the tube with the piston closed when one 
wishes to cease recording the movements. With instruments of this 
kind a large amount of valuable work has been done, and the name 
of hinger is specially connected with tliis method of investigation. 
A simple modification of this method is that of Symes, in which 
the heart is made to move a lever by means of a hook in the apex , 
in this case the cannula is a simple one and is introduced into the 
auricle. 

The best nutritive fiuid to employ is undoubtedly the natural 
fluid, the blood. But in order to use blood there are practical 
difficulties ; it is ddfuiult, for instance, to obtain much blood from a 
frog, it is difficult to prevent it from clotting, and if agents are 
added to check clotting, such agents usually act deletenously on the 
cardiac tissue. The blood of another animal may not be altogether 
innocuous, and this is specially the case if that blood has been pre- 
viously whipped, and the fibrin removed. It was, however, found 
by Einger that a solution of the inorganic salts of sodium, calcium, 
and potassium in the proportions occurring in the blood will maintain 
cardiac activity for a long time without the addition of any organic 
matcrialy/ (This is known as Ringer’s solution.) These salts 
are nor nutritive in the strict sense, but they constitute the 
stimulus for the heart’s action. Howell has shown that such an 
inorganic mixture is especially efficacious in throwing the sinus or 
venous end of the heart into rhythmical action. The normal 
stimulus for the starting of the heart-beat is thus to be sought in 
the mineral constituents of the blood. Tliese mineral compounds in 
solution are broken up into their constituent ions; and of these, 
sodium ions are the most potent in maintaining the conditions 
that lead to irritability and contractility. A solution of pure sodium 
chloride, however, finally throws the heart into a condition of 
relaxation ; and it is necessary to mix with it small amounts of 
calcium ions to restrain this effect. Potassium is not absolutely 
necessary, but it favours relaxation during diastole. Calcium, on 
the other hand, is the element wliich produces and is necessary for 
contraction, and if present alone or in excess, will produce an 
extreme contraction known as calcium rijor. 

The Excised Mammalian Heart. — The mammalian heart can 
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also be kept alive and active after it has been excised. Its usefulness, 
not only in reference to the metabolism occurring during normal 
cardiac activity but also from the pharmacological point of view, is 
obvious. 

In order to maintain the action of the excised mammalian heart, 
certain precautions must be taken — 

1. The perfusion fluid must be at or about body tempera- 
ture (37''-39 " C.). 

2. It must circulate tlirongli the coronary vessels. 

3. It must 1:)0 well oxygenated. 

A8 before, living blood is the ideal fluid for perfusion, but the 
practical difficulties in its use are so great, that a modification of 
Itinger’s fluid is usually employed. On this fluid the heart will 
continue to beat for many hours, but it will beat longer (sometimes 
several days) if a little glucose is added to the solution. We owe 
this modified fluid, and the oxygenation alluded to above, to Locke , 
the perfusion fluid now universally employed is called Ringer- 
Locke’s solution and has tlie following composition: — 


Pure distilled water * 
Sodium chloride . 
Potassium chloride 
Calcium chloride 
Sodium bicarbonate 
Glucosje . 


100 c.c. 

0'9 gramme 
0 042 „ 

0-024 ., 

0-02 
0-1 


Locke investigated other sugars besides glucose, but no other 
has the same favourable effect; fructose is better than most other 
sugars, but not nearly so good as glucose. 

A mammal such as a catf or rabhit is killed by bleeding or 
pithing. The heart enclosed in the pericardium is quickly cut out, 
and gently kneaded to free it from blood, in some warm Locke’s 
solution. The pericardium is then dissected off, and a cannula tied 
into the aorta ; this is connected to a burette which is kept full of 
Locke’s solution. The solution is maintained at body temperature 
by a warm water-jacket, and is well oxygenated by letting oxygen 
bubble through it. The fluid is then allowed to flow; its pressure 
closes the aortic valves, and so the fluid enters the coronary arteries, 
and escapes from the right auricle, which should be freely opened. 
Under these conditions the heart will continue to beat for many 
hours. A graphic record may be obtained by putting a small hook 
into the apex, and attaching this by a thread to a recording lever 
beneath it. A very good illustration of the usefulness of the method 

* Freedom from metals and distillable products is essential, 
t For the cat much less calcium is needed. 
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for demonstrating the action of drugs consists in adding a small 
amount of chloroform to the circulating tliiid : one notices its 
immediate depressant elfect; on the other hand, a minute dose of 
adrenaline markedly increases the rate and force of the heart. 

The Coronary Circulation. — The heart normally is nourished 
by blood which supplies its muscle by way of the coronary arteries. 
This circulation is dealt with on page 152, 

The Nutrition of Blood-Vessels and of Tissues generally. 

The smaller blood-vessels are nourished directly by their 
contents but the larger vessels with thick walls have minute 
vessels running into their substances. These are known as the 
vam vasorum. 

What has been said of the heart pertains also to blood-vessels. 
In order to keep blood-vessels alive after the animal has died, and 
in a state to respond to drugs, they must be batlied in some such 
solution as Itingcr’s. For most piirpos(\s a fluid containing about 
a quarter the calcium in liinger’s solution giv^es good results. Kings 
may be cut from a large vessel and attached to a delicate lever, 
or the fluid may bo passed through the vessels under pressure and 
the rate of flow or the resistance to the flow measured. It can bo 
shown in this way that calcium is as essential for the contractioiK 
of smooth muscles as it is for the heart. \ « 

It IS certain that all tissues require similar nourishment, ^ut^' 
some need more oxygen than others and some, such as nerve-cells, 
are exquisitely sensitive to changes in hydrogen ion concentration. 
Hence it is extremely diflioult to keep the central nervous system 
alive after the normal blood supply has failed. For this reason the 
nervous system dies extremely rapidly at death. The power of 
recovery of the different parts of the brain has been investigated by 
shutting off the blood supply, and it has been found that the higher 
parts are the first to suffer permanent damage as indicated by their 
failure to recover. 

For sustained nutrition many other elements are necessary to 
repair worn-out tissue. The substances necessary to effect such 
repair are discussed later in the section on Metabolism. 
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TIIK (.CIRCULATION IN TIIK RLOOD-VESSKLS 

The iiKJVomont of t,h(3 blood from tho lu^art through the arteries, 
capillaries, veins, and hack to tho heart, depends on the head 
of pressure produced by tho pumping action of the heart. In the 
succeeding pages we shall see liow the intermittent movement 
imparted to the blood is converted into a constant flow through 
the delicate capillaries, and why the arterial blood-pressure does 
not fall while the heart is filling. 

The blood-pressure has tho same purpose as the pressure in gas- 
or water-mains, namely, it ensures adequate distribution in varying 
circumstances and, as we shall see, should it fall in man below a 
certain critical levjil serious consequemios ensue. 

The Arterial Blood-Pressure and its Maintenance. 

For purposes of description it is convenient to enumerate first 
the factors which maintain tho arterial pressure. These are : — 

1. The volume of the blood pumped out by tho heart. 

2. Tho peripheral resistance to the flow of blood from tho 
arteries. 

3. The elasticity of the blood-vessels. 

In order that we may understand blood-pressure, it is necessary 
to consider some of tho general laws of fluid pressure. 

Let us consider the simple case of a fluid flowing from a reservoir. 
It (fig. 89), along a tube, which is open at the other end. 

In the course of the tube a number of upright glass tubes 
are inserted at equal distances. The upright tubes which measure 
the lateral pressure exerted by tho fluid on the wall of the main 
tube, are called ^nanometers. Between C and D, a tap T can be 
opened or shut at will. If the tap is closed there will naturally 
be no flow of fluid, and the fluid will rise to equal heights in the 
upright tubes A, B and 0. 

If now the tap is opened slightly, the fluid flows on account of 
the difference of pressure brought about by gravitation ; the height of 
the fluid in the manometers indicates that the pressure is greatest 
in R, less in A, less still in B, and least of all in E. 
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On a(;c()unt of tlic rcHistaiicc uf the tap, the dillerenee between 
J) and 0 is inueli more marked tliaii the diherence between B and 
A. If the thiid which Hows out of the end of the tube is 
collected and poured back into 11 , we complete the circulation. 

The model s(‘rves to illustrate an important factor in the main- 
tenance of the blood-pressure, namely, the peripheral resistance 
to the How of blood from the arteries. This may be varied by 
means of the tap T, if the tap is tightened, one imitates increased 
constriction of the jieriplieral vessels , if it is loosened, one imitates 
dilatation of the vessels. If the tap T is not quite closed, the 
arterial pressure (in A and B) rises, and the venous pressure (in 



1) and E) falls. If it is closed entirely, the Huid in A and B rises 
to the same level as that in E; the pressure of K is not felt at 
all by 1) and E, which empty themselves, and the How ceases. If 
the tap is freely opened, the arterial pressure falls, and the venous 
pressure rises. 

Since the total cross section of the circulation is smallest in the 
arterioles, it has been assumed that the peripheral resistance is in 
this region , but since the capillaries are not all open in a resting 
tissue they must also be part of the resistance. The truth of this 
assumption has been demonstrated when the arterioles are dilated ; 
the dilatation of the capillaries by the drug histamine causes a 
diminution of the peripheral resistance. 

How the peripheral resistance and the elasticity of the vessels 
act together to maintain the pressure between the heart-beats, that 
is the diastolic pressure, may readily be shown by the model 
represented in fig. 90. 
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Tho heart (H) is represented by ])ulb syringe with valves (V) wliicli 
is worked by tlio hand, and the vessels by tliiek rubber or glass 
tubing. E is a sercw-clip which can be varied at will. F is a football 
bladder full of fluid which can be shut off by nu;ans of clip G. 
M is a menuiry manometer to measure pressure. 

If clip E is oi)en and G closed there is a small pressure during 
the time the bulb is squeezed, and the flow is intermittent. Jf E 
is now tightened the variations in pressure (M) are grcjater but the 
flow IS still intermittent and greater force is necessary to empty tho 
bulb. 



tio. 90 — Diagxam of modol to illnstrato tho parU played by E, poripheral rosiataTico, and F, th** 
elasticity, m maintainnifi a piossure in tho moicury maiiomolor, M. Tho pump (U) is a biilh 
syringe with valves, and F is a football bladder. 

If now the clip G is opened the benefit of adding the elasticity 
to tho system is seen. It becomes easier to empty the bulb, and tho 
fluid which cannot escape xmst E distends the bag E which recoils 
during the refilling of H. The fluctuations in x>ressure are no 
longer so great and the flow from E is now constant. Ey experiment 
we can show that tho tighter E is screwed the higher is the mean 
Xiressure. 

The vessels in the body are not rigid but elastic tubes. When 
therefore at each beat the left ventricle forces out some 80 e.c. of 
blood into an already full arterial system the vessels are distended, 
while when the heart is refilling the vessels recoil to keep up the 
mean arterial jiressuro and the flow beyond tho arterioles constant. ^ 
In the body the elasticity is not localised to any particular parf ' 
of the system as in the model, but is generalised. It is supplied by 
the elastic and muscular tissue in the walls of the vessels themselves. 
The resistance corresponding to E of the model is supplied by 

F 
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ili(5 ait(5ri()l(5S, ilic rolativ(^ly thick iiiiLscular walls of which arc under 
the control of nerves and in Iiealth are kept constantly in a state of 
partial contraction or tone which may he varied from tinu; to time. 

By assisting to maintain the diastolic pressure the elasticity of 
the system plays an important Y>art in rendering the intermittent 
flow in the arteries into a continnons How in the capillaries But for 
this we might feel the throb of the pulse-beat If, liowever, a tissue 
becomes tense because of congestion with tluid and blood the throb 
of the arteries is transmitted to the nerve-endings. This is why wo 
may feel throbbing in a sejitic linger or tooth. 

The volume of blood puniYied out per beat has been discussed 
fully in relation to the output of the heart. Tt doYiends Yirimarily 
on the extent to which the heart is filled, and this in turn depends on 
th^venous return and on the rate of the heart 
•^^ummary. — We may then summarise by saying that the arterial 
pressure is maintained by the heart puiuYiing into an elastic system 
of vessels more blood than can esca^ie during the time of each 
contraction; the elastic vessels are distended and recoil during the 
tilling of the heart Thus the arterial [iressuie is jirevented from 
failing appreciably between the beats, and an intermittent How 
jiroduced by the heart is converted into a constant How in the 
capillaries. 


Recording the Blood-Pressure in Animals 

The fact that the blood exerts considerable ])ressure on the 
arterial walls may be readily shown hy puncturing any artery; the 
blood is propelbnl with great force througli the opening, and the jet 
rises to a considerable height; in a small artery, where the pressure 
is lower, the jet is not so high as in a large artery : the jerky 
character of the outflow due to the intermittent action of the 
heart is also seen. If a vein is similarly injured, the blood is 
expelled with much less force, and the How is continuous, not 
intermittent. 

The Hrst to make an advance on this very rough method of 
demonstrating blood-pressure was the Reverend Stephen Hales, vicar 
of Teddington (1722). He inserted, using a small brass tube as a 
cannula, a glass tube at right angles to the femoral artery of a horse, 
and noted the height to which the blood rose in it. This is a method 
like that which we used in the first model described (fig. 89). The 
blood rose to the height of about 8 feet, and having reachecl its highest 
point, it oscillated with the heart-beats, each cardiac systole causing 
a rise, each diastole a fall. Hales also noted a general rise during 
each inspiration. The method taught Hales these primary truths in 
connection with arterial pressure, but it possesses many disadvan- 
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tafjjes , in ilie fiisi place, tlic blood in ilio glass tube very soon clots, 
and in the second place, a column of liquid 8 feet high is an 
inconvenient one to work with. 

The first of tlieso disadvaidages was overcome to a groat extent 
by Vierordt, who attached a tul)e filled with saturated solution of 
sodium carbonate to the arbuy, and measured the blood-pressure 
by the height of the column of this saline solution which the bloo^ 
would support 

The second disadvaid-age was overcome by Poiseuille, who intro- 
duced the heavy lupiid, mercury, as the su})stance on which the 
l)lood exerted its pressure; and tla; mercurial manometer 

was connected to the artery by a tube lilled with soilium carbonate 
solution to delay clotting. 

The study of blood-pressure was not, however, satisfactr)ry before 
tlie introduction by Carl Ludwig (1847) of the Kyni()(jm 2 )h in which 
INuseuille’s haimodpuvmomelcr was combined with apparatus for 
obtaining a graphic record of the oscdlations of the mercury. The 
name ky'uwf/ra 2 do or wave-'wrUcr is a very suitable one 

A diagram of the apparatus is given in fig. 91. 

An artery is exposed, ligatured at its distal end, and clamped, 
so that no hiomorrhage occurs ; it is then opened, and a glass cannula 
is inserbal and tied in. The form of cannula usually employed 
(Francois Franck’s) is shown on a larger scale, the narrow part is 
tied into the artery towards the heart; the cross-piece of the T 
is united to the manometer, the third limb is provided with a 
short piece of india-rubber tubing wliicli is kept closed by a clip 
and only opened when the cannula is l)eing filled at the beginning 
of the experiment or if the presence of a clot necessitates the 
washing out of the cannula. 

The tube by means of which the cannula is united to the man- 
ometer is made of thick ru])ber, so that none of the arterial force 
may be wasted in exjianding it. Tlie tube, cannula, and proximal 
limb of the manometer are all filled with a saturated solution of 
sodium liicarbonate, sodium sulphate, or other salt which will mix 
with blood and delay its clotting. This is contained in a bottle 
some feet above the apparatus so that it can be supplied under 
pressure to the proximal limb of the manometer. Before the clip 
is removed from the artery, the pressure is raised by opening clip 
B so that the mercury rises in the distal limb to a height just 
greater than that of the anticipated blood-pressure; this prevents 
blood passing too freely into the cannula when the arterial clip is 
removed. 

In the distal limb of the floating on the surface of the 

mercury, is a float, from which a long wire extends upwards, and 
carries a stiff piece of parchment wliich writes on a moving surface 
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coviu’od with siii()k(3(l p;i])or. WIkmi tli(3 jirtorial (3lip is removed, the 
writin^^-poiiit iiiseri])es wav(‘S {hco fi^^s 91 and 92), the largo waves 
coiTosponding i(^ respiration (tlie rise of pressure in most animals 
aceompanying inspiration),* the smaller ones to the individual 



91 - Tlio kyinograi)li A pirco of an artory 13 V is I'xiioscd, con\enit'ntly tin' carotid, in the 
nock, and its iionphoral end tied oil A clip. A, is placed on the artory which is then opened 
and cannula insortod and tied in (The ligature is not shown in the figure ) 'pio tubing from Uie 
mercury nianonieter is now connected to tho cannula ami the tubing filled with fluid under 
pressure equal to that expected by opening clip H and closing clip 0 Clip B is closed and by 
taking olf clip A tho artery is put in ilirect conimunication with the manometer BP - blood- 
pressuro tracing T, electro-maguotic time marker and zero of blood-piossuro tracing. F, flot^ 
of mercury rnanornoter BV, artery. To wash out tho cannula, clip A is applied, and clips B 
and C opened (McDouall) 


heart-heats. The lilood-pressure is really twice as great as that 
indicated hy the lieight of the tracing above the zero, T, because if the 
manometer is of ecpial bore ihroiighout, the mercury falls in one 
limb the same distance tliat it rises in tlie other; the true pressure 

* The explanation of tlie respiratory curves on tlie tracing is postponed till 
after we have studied Respiration. 
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is measured by the difference of level in the two limhs of the 
manometer (fig. 91). 

It will be observed that the heart-beats indicate that in large 
arteries there is a considerable fluctuation in pressure between the 
systole and diastole of the heart. The limits of each are known as the 
systolic and diastolic pressure respectively. With a mercury mano- 
meter, the inertia of the mercury reduces the difference (the pulse 
pressure), which in man may be as much as 50 mm. Hg. The full 
extent of the pulse pressure may be recorded by a rapidly moving^ 
optical manometer such as that described on p. 130. 

Im taking a tracing of venous blood-pressure, the pressure is 

- 



Fig. 92 —Tracing of arterial blood-pressure (B P.) obtained with a mercurial manometer alljiched 
to a cat’s carotid. The smaller waves are heart-beats, which are set on larger ones due to the 
respiratory movements recorded below. The animal was breathing slowly (AlcDowall) 


so low and corresponds to so few millimetres of mercury, that 
a watery solution (e.g. sodium bicarbonate) is employed instead 
of mercury. If the vein which is investigated is near the heart, 
a venous pulse is exhibited on the tracing, with small waves as 
before corresponding to heart-beats, and larger waves to respiration, 
but the respiratory rise in pressure now accompanies expiration. 

The capillary pressure has now been measured by inserting a 
minute cannula into the vessel under the microscope. It is roughly 
estimated by the amount of pressure necessary to blanch the skin ; 
this has been ascertained in animals and men (v. Kries, Eoy and 
Brown). 

Other manometers are also employed besides the mercurial one. 
Fick’s is one of these. The manometer itself is a hollow 0*shaped 
spring filled with liquid ; this opens with increase, and closes with 
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decrease of pressure, and the movements of the spring are com- 
municated to a lever provided with a writing-point (fig. 93). 

yHiirthlo’s manometer (see p. 129) is also very much used. The 
advantage of these manometers is tliat the character and extent of 

each pressure change are 
clearly seen. In a mercury 
manometer the inertia is so 
great that there is no 
response to the very rapid 
variations in pressure which 
occur within an artery during 
each cardiac cycle. 

For all accurate modern 
work some form of optical 
recording, e.y. that of Wiggers, 
is used (see fig. 72). These 
instruments, though useful 
for recording the complete 
changes in pressure, require 
calibration : that is, the 
extent of movement that 
corresponds to known pres- 
sures must be ascertained 
by actual experiment. 

The following table gives 
the average height of blood- 
pressure in various parts of 
the vascular system in man. 
They have been very largely 
inferred from expei iments 
on animals, but in many 
cases have been confirmed by experiments on man : — 




Fia. 98.— Fick’s “C” spring nmnomcti'r a, Tube to 
be connected with artery; c, hollow spring, the 
movement of which moves b, the writing lover; c, 
screw to regulate heiglit of b ; d, outside protective 
spring ; ff, screw to lix on the upright of the support. 


Large arteries (e.</. carotid) 
Metfium arteries (e.ff. radial) 
Capillaries (arterial end) 
Capillaries (venous end) 
Small veins of arm 
Portal vein . . . . 

Inferior vena cava 
Large veins of neck 


140 mm. (about 6 inches) mercury. 
110 mm. mercury. 


30 to 35 ,, 
15 to ‘20 „ 


from 0 to 


10 „ 
3 „ 
8 „ 


The pressure in the pulmonary artery is about a quarter of that 
in the systemic arteries. 

The blood - pressure falls slowly in the great arteries and 
manifests oscillations corresponding with the alternate systole and 
diastole of the heart; at the end of the arterial system it falls 
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suddenly and extensively in the course of tlie arterioles ; it again 
falls gradually through the capillaries and veins. Such a diagram 
of hlood-pressure is tliiis very different from one of velocity; the 
velocity like the pressure falls from the arteries to the capillaries, 
hut unlike it, rises again in 
the veins. 

Fig. 94 represents roughly 
the fall of pressure along the 
systemic vascular system. 

It indicates that the chief 
peripheral resistance is in 
the small arteries ; this is 
probably true when the 
tissue is active and when 
the capillaries are all open 
but the work of Dale and 
Kichards indicates that in 

some circumstances the capillaries play a larger part than the 
diagram indicates. 

It must be understood that these pressures are subject to con- 
siderable variations from alteration of the variable factors on which 
blood-pressure depends. 



j 91 — II»*igl»t of blood-prcssuro (UP) In LV, left 
A, artctioa ; C, capiUancs ; V, vhius ; 
UA, right atrium , OO, line of no pressure. 


Blood-Pressure in Man. 

Special apparatus known as sphygmometers are used for the 
measurement of blood-jircssure in man. Martin’s moilihcation of 
Iliva Kocci’s apparatus consists of a four-sided elastic bag about 
four and a half inches wide, ami long enough to encircle the arm. 
It is wrapped round the arm, and outside it a cuff of strong canvas 
is firmly strapped. Air is forced into the bag by a tube leading 
from a ball syringe ; this tube is also connected by a side branch 
to a mercury manometer. As one continues to pump and distend 
the bag, the pulse-beats are transmitted to the mercury which rises 
in the manometer and oscillates with the pulse-beats. As the 
pressure rises the oscillations become more pronounced, and at a 
certain point they exhibit a greater excursion than they do at any 
other height; beyond this point of maximal pulsation, the oscillations 
diminish in amplitude, and as the distension of the bag is increased 
still more, the pressure which is sufficient to obliterate the pulse is 
at last reached, the oscillations of the mercury cease, and the pulse 
is no longer to be felt at the wrist. The pressure necessary to do 
this is equal to the systolic pressure, and the height of the mercurial 
column should be noted when the pulse just disappears. The point 
of maximal pulsation gives a reading of the diastolic pressure. 
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Tlio more recently introduced auditory method (Korotkow’s 
sounds) is a simple, quick, and trustworthy way of estimating 
both the systolic and diastolic pressures. The armlet is inflated 
until the compression applied is more than suflicient to obliterate 
the pulse The chest-piec.e of an ordinary binaural stethoscope is 
a])plied over the ])rachial artery just below the armlet. It is advisable 
also to take the systolic pressure by palpation so as to compare the 
tactile and auditory indHies of pressure. When the armlet is thus 
distended no souikI is heard and no ]mlse is felt. The air is then 
allowed to es(*-ape gradually from the armlet, and at a certain point, 



which is read off on the manometer, a distinct sound is heard with 
e\;h heart-beat. This marks the beginning of the transmission of 
the pulse through the artery, and is the auditory index of the systolic 
pressure ; it is lieard a little earlier than the return of the pulse can 
be felt at the wrist. With further lowering of the armlet pressure, 
the sound successively becomes murmurish (second phase) , loud and 
clear (third phase) ; dulled and weakened (fourth phase) ; and finally 
inaudible. The change from the third to the fourth phase, that is, the 
sudden dulling and weakening of the sound, constitutes the diastolic 
index. In many instances there is little difference between the 
dulling and the final extinction of the sound. But often, especially 
in young adults, the difference may be very marked, amounting 
sometimes to 30 mm. Hg ; to take the abolition of the sound as the 
diastolic index in such /cases would lead to serious error. 

In healthy young adults examined by this method in the sitting 
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posture, the systolic pressure averages a])()ut 110 to 136 mm. 
Hg and the diastolic pressure between 60 and 80 mm. in 
(lifferent individuals Muscular exertion and mental excitement 
raise the pressure. The dillerence between systolic and diastolic 
pressure is termed the pvIsc- 2 rrcHsnre. In disease there are great 
variations, and the study of these is a very valuable aid to diagnosis. 

The Pulse. 

This is the most characteristic feature of the arterial flow. It is 
the response of the arterial wall to the changes in lateral pressure 
caused by the heart-beat. 

The physician usually feels the pulse in the radial artery, since this 
is near the surface, and supported by bone. It is a most valuable 
indication of the condition of the patient’s heart and vessels. It is 
necessary in feeling a pulse to note the following points : — 

1. Its freqimicy : this gives usually tlio rate of the heart but 

strictly only the number of boats of the left ventricle which 
produce pulse-waves strong enough to reach the wrist. 

2. Its force : whether it is a strong, bounding pulse, or a feeble 

beat; this indicates the force with which the heart is 
beating. 

3. Its regularity or irregularity: irregularity may occur owing 

to irregular cardiac action either in force or in 
rhythm. 

4. Its tension : that is, the force necessary to obliterate it. This 

gives an indication of the height of the l)lood-pressure. 

In order to study the pulse more fully, it is necessary to obtain 
a graphic record of the pulse-beat, and this is accomplished by the 
use of the sphygmograph. Tins instrument consists of a series of 
levers, at one end of which is a button placed over the artery ; the 
other end is provided with a writing-point to inscribe the magnified 
record of the arterial movement on a travelling surface. 

The instrument commonly used is that of Dudgeon (fig. 96). 

It is provided with an arrangement by which the pressure ca^ 
be adjusted so as to obtain the best record. The instrument has th^ 
disadvantage of giving oscillations of its own to the sphygmogram. 
It is also important to remember that the pad or button placed 
on the artery rests partly on the veme comites, so that not only 
arterial tension but any turgidity arising from venous congestion, 
will affect the height and form of the sphygmographic record. 

Fig. 97 represents a typical sphygmographic tracing obtained 
from the radial artery. 

F 2 
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The explanation of the various waves is derived from informa- 
tion obtained by taking simultaneous tracings of the pulse, aortic 
pressure, apex-beat, and intraventricular pressure. By this means 



Fia. 96.— Dutigfion’s spliygmograph. The dotted outline represents the piece of blackened paper on 
which the sphygmogram is written. 


it is found that the frimary (A) and pre-dicrotic (C) waves occur 
duridg the systole of the heart, and the other waves during the 
The primary wave is produced by the ventricular systole 
expanding the artery. The sharp top 
at its summit is due to the sudden 
upward spring of the light lever of 
the sphygmograph. The closure of 
the aortic valves occurs just before 
the dicrotic wave (D). The secondary 
waves on the down-stroke other than 
the dicrotic are due to the elastic 
tension of the arteries, and are in- 
creased in number when the tension 


Fig. 97.-Diagram of puise-tracing. A, up- of the artories is greatest. The 

stroke ; B, do wn-stroko; C, pre-dicrotic t .. i ^ • 

wave; D, dicrotic; E, post-dicrotic dicrotic wave lias a dilterent origin. 

It was at one time thought that this 
wave was due to a wave of pressure reflected from the periphery, 
but this view is at once excluded by the fact that wherever we take 
the pulse-tracing, whether from the aorta, carotid, radial, dorsalis 
pedis, or elsewhere, tliis secondary elevation always follows the 
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primary wave after the same interval, showing tliat it has its origin 
in the commencement of tlie arterial system. A single pressure-wave 
reflected from the periphery would be impossible, as such a wave 
reflected from one part would be interfered with by those from other 
parts; moreover, a dicrotic elevation produced by a pressure-wave 
reflected from the periphery, would be increased by high peripheral 
resistance, and not diminished. 

The primary cause of the 
dicrotic wave is the closure of the 
semilunar valves ; as already ex- 
plained when we were considering 
the cardiac valves, the outflow 
of blood from the heart suddenly 
ceases, and the blood is driven back against the closed aortic valve 
by the elastic recoil of the aorta ; the wave rebounds from these and 
is propagated tlirough the arterial system as the dicrotic elevation. 
The production of the dicrotic wave is favoured by a low blood- 
pressure when the heart is beating forcibly, as in fever. Such a 
pulse is called a dicrotic pulse (fig. 98), and the second beat can 
easily be felt by the finger. 

In our study of endocardiac pressure, we saw tliat the systolic 
plateau has an ascending and a descending slope (see pp. 130 and 



P'lo 98.— Dicrotic pulse 



Fio. 99 —Anacrotic pulse. 

131); WO can now explain this fact. If, after the first sudden rise 
of pressure in the aorta, the peripheral resistance is low and the 
blood can be driven on from the aorta more rapidly than it is thrown 
in, the plateau will sink. If, on the other hand, the peripheral resist- 
ance is high, the aortic pressure will rise as long as the blood is 
flowing in, and we got an ascending systolic plateau and an anacrotic ’ 
pulse (fig. 99). This is seen in some forms of kidney diseas^ 
inwbieh'the peripheral resistance is very high. 

i long pulse-tracing is taken, the effect of the respiration 
,may be seen in an increase of pressure, and, in some people, a slight 
acceleration of the heart’s beats during inspiration. 

The main waves of tlie pulse can be demonstrated without the 
use of any instrument at all, by allowing the blood to spurt from a 
cut artery on to the surface of a large sheet of white paper travelling 
past it. We thus obtain what is called a hcemautogmph (fig. 100). 





172 


THE CIRCULATION IN THE BLOOD-VESSELS [CH. XIII. 


The pulse- wave travels along the arteries, and is started by 
the propulsion of the contents of the left ventricle into the already 
full arterial system. The more distant the artery from the heart, 
the longer the interval that elapses hetween the ventricidar heat and 
the arrival of the pulse-wave Thus it is felt in the carotid earlier than 
m the radial artery, and still later in the dorsal 
artery of the foot. The difference of time is, how- 
ever, very slight, it is only a small fraetion of a 
second. 

The rate of propagation of the pulse -wave is 

of some importance since for a given blood-pressurii 
it indicates the elasticity of the arterial wall. It 
travels at the rate of from 5 to 10 metres per 
second, that is twice or thrice the velocity of the 
blood-llow. The method of ascertaining this may 
be illustrated by the use of a long clastic tube into 
which iiuid is forced by the sudden stroke of a pump. 
If a series of levers are placed along the tube at 
measured distances, those nearest the pump will rise 
first, those farthest from it last. If these are arranged 
to write on a revolving cylinder under one another, 
the movements will be shown graphically, and the 
time-interval between them can be measured by a 
time-tracing. The same jirinciple is applied to the arteries of the 
body, a series of Marey’s tambours is applied to the heart and to 
various arteries at known distances from the heart ; their levers are 
arranged to write immediately under one another. The difference in 
time between the commencement of their up-strokes is measured by 
a time- tracing 



Fifi lOfi -II.iMimiito- 
P'rapli, to b(‘ read 
fiutu lo loft 


V. Hill has introduced the hot-wire .sphy^^mograph in which 
akes a piilF of air cool an 


I^Jiif^ffwcntly A 

»*<TCexpansu)n of the artery with each heart-beat makes a piilF 
electrically-heated wire, the electrical resistance of which is thereby varied. The 
wire forming one arm of a Wheatstone’s bridge, the alteration in resistance is 
shown by a string galvanometer, and recorded photographically. Two arteries at 
ditFcrcnt distances from the heart are used, the time of arrival of the pulse-wave 
in eaVh being recorded by the excursion of a string in the galvanometer : the 
two strings being arranged so that their images on the recording surface Till in 
^he ^ame vertical plane. The method is a very accurate one. 


The Venous Pulse and the Polygraph. 

The venous pulse is recorded by placing over the lower end of the 
internal jugular vein in the neck a hollow metal cup which transmits 
changes in pressure to a delicate tambour. The waves are produced 
in part by interruption of the venous inflow and by the neighbouring 
arteries. Thus when the auricle is filling, the venous pressure rises to 
cause the V wave (fig. 84, p. 144), but this falls as soon as the auriculo- 
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ventricular valves open. 1lie subsequent filling and contraction of 
the auricle causes the inipoidant A wave, wliicli is followed I of a second 
later by the G wav(‘ This wave is due to the approximation of the 
large arteries and vedns, etj tlic innoniinate, and, since the wave is 
present in pressure recjords of the auricle itself, it may in part be due 
to the bulging of the floor of the auricle during ventricular systole. 

yka analysis is made of tlic aurhudar tracing by taking 
simultaneously a tracing of fbo radial pulse by means of the 
polygraph in which the venous and arterial records are on the 
same strip of paper (lig. 84, ]>. 144). The wave which occurs on the 
venous tracing one-tenth of a second before the radial pulso^ is 
the G wave, while usually the preceding wave is the A wave. 
Fig 84 shows additional waves which can be negh'ctiHl at present. 

The importance of polygraph reiairds is that from them the 
number of auricular contractions may be counted and the a-c interval, 
wlmdi coiTCspoiids to the IMt int-erval of the electro-cardiogram, 
giv(',s a mefisuro of the time (normally one-fifth of a second) 
taken for the excitation wave to pass down the auriculo-ventricular 
bundle. 

The Time of a Complete Circulation. 

The simplest method of making tins estimation is that of 
Stewart. A solution of methylcne-bluc is injected into a vessel. 
The corresponding vessel on the opposite side is exposed, placed 
on a sheet of white paper, and strongly illuminated. The time 
is noted between the injection and the moment when the blue 
colour is scon to appear in tlie vessel under observation. Stewart 
a})plie<l this method also for determining the time occupied by 
the passage of blood through various parts of the circulation , tlie 
longest circulation times wore found in the portal system and 
the lower limbs He calculated that the total circulation time in 
man is about 15 seconds. 

Kone of these methods, however, give the true time of the entire 
circulation ; they give merely the shortest possible time in which any 
particle of blood can travel through the shortest pathway. The 
blood that travels in the axial current, or which takes a broad path- 
way through wide capillaries, will arrive far more speedily at its 
destination than that whicli creeps through tortuous or constricted 
vessels Since the total blood in the body and the output of the 
heart per minute are about tlie same, i.e. 5 litres, it can be considered 
that all the blood makes one circuit per minute — at rest. During 
exercise the rate is greatly increased. The blood passing through 
regions near the heart, e.rf. through the coronary circulation, performs 
the journey most rapidly. Such considerations reduce the average 
time to something like that calculated by Stewart. 
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The Capillary Circulation. 

It is (3vi(l(!iit tliat the cajulhiry piossurc is miicli lower tliaii 
tliat in the arteries. A r()i]^i»h i(lea of the actual pressure may 
lie ol)taiue(l by hiidiiig tJie amount of pressure necessary to blaiicli 
tlie skin 

In tlie human skin at heart level the pressure lias been found 
to fall because of the resistance to the blood flow from 32 mm. 
of mercury at the arterial end to aliout 12 mm. at the venous end, 
hut in some capillaries, ejj. those of the foot in the erect posture, 
the pressure is much higher. 

The circailation in the capillaries may readily be observed in 
the web of the foot, or the mesent(‘ry of a frog. In the larger 
vessels there is seen to be a distinct pulsation with each heart-heat, 
but ill the smaller capillaries the blood is seen to How with a 
constant eipiable motion. The red blood cor])uscles move along 
mostly in single hie and bend in various ways to accommodate 
themselves to the tortuous course of the capillary, but they 
recover their normal outline on reaching a wider vessel. If the 
capillaries are observed for some time they are seen to undergo 
changes in calibre, some shutting down, and others opening up. 
These changiis apparently take place independently of the arteries 
and veins, and depend on the oxygon requirements of the tissue 
supplied. 

The capillaries may readily ])e made to contract if touched with 
a sharp needle. This contraction normally spreads over a con- 
siderable area, but if cocaine has been previously applied to the weh, 
the constriction is limited to the iioint of stimulation. Since cocaine 
IS a known paralysaiit of nervous tissue this experiment indicates 
that the capillaries are controlled by nerves. This is supported by 
tlui observation of Hooker that stimulation of the cervical sympa- 
thetic nerves causes constriction of the capillaries of the rabbit’s ear, 
while l)oi has demonstrated dilatation in the frog’s web by nervous 
stimulation (Eayliss). 

human capillaries may be observed in the skin with an 
l^dinary microscope, if the skin is soaked in oil and adequately 
illuminated. In the nail-fold capillary loops may be seen. Some skin 
capillaries remain permanently open but others open and close at 
intervals. The opening up occurs in all tissues during activity or 
after cutting off the oxygen supply (see p. 196). 

It is important to realise that the total number of the eapillaries 
in the body is enormous, and that were they all open at once the 
effect on the capacity of the vascular system would be very great. 
They would, as it were, soak up the blood like a sponge. 

It has been shown (Dale and Eichards) that the substance 
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histamine has iho power of caiisini^ wi(los])r(‘a(l (‘a])illaiy dilaiatioii, 
and brings alxnit, as a resnlfc, a j)rofoiind fall of blood-prc'ssnro, wbiob 
may end in deatli. Tlie blood is lost in the eajjillaricis and does not 
return to tlie licart. Death froin siiperlicaal burning is probably 
due to the production of such a substance in the damaged tissues, 
since the symptoms of this condition are likewise explained by a 
diminution of the blood in active ckculation. 

The capillaries of the skin have liecui found to lie s])eeially 
sensitive to histamine, an obsm-vation possibly explaiiuMl by the 
finding of Jlest, that the skin, nidike the other tissiu^s of the body, 
does not contain the enzyme bistaminasc which dt'stroys bistainiiie. 
Lewis has shown that when the skin is injured the redness and 
whealing {e.g. in burns) is due to the loi-al production of a dilator 
sulistance wliicb not only opens iij) the capillaries but causes 
increased permeability of their walls. This is evidently a protective 
mechanism. 

Fainting in a hot bath is probably also due to a dilatation of 
the capillaries of tlie skin. 

Considerable discussion has taken ])lace on what normally 
keeps a large number of the capillaries closed. Jt is probably 
nervous control, but the closure leturns after the nervi'S are cut. 
it appears likely that the capillaries, like caidiac muscle, become 
res})oiisive to the chemical (constituents of the blood, for it has biMui 
found that i)erfuscd vessels are exquisitely sensitive to minute 
changes in the con (centra tioii of substanc(cs normally present in 
the blood espe(cially to the calcium-potassium and to the acid-base 
ratios. 

Certain it is that acids such as carbon dioxide and kuctic a(cid 
cause ca])illary dilatation. This no doubt accounts for the fact that 
we readily obtain Hushing of the skin after compressing a small area 
OT after temporary occlusion of the blood-supply (sice Exercise, ]). 196). 
^he fact that there actually is a dilatation of vessels during the 
occlusion has been dclinitcly shown by the fact that the venous 
pressure in the occluded part falls (Keiidrcw). 

The Venous Pressure and Return. 

In our study of the output of the heart wo saw that the output 
depends primarily on the amount of blood which reaches it from 
the veins. This return depends on a variety of factors, and provided 
the heart is efficient its extent may be estimated by recording the 
venous pressure. 

The Venous Pressure . — This pressure is clearly dependent on 
the heart and the arterial pressure. The pressure is highest in 
the small veins at the periphery, but falls off to zero or a minus 
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])resKuro in the voins near tlio Jioart during diastole. The ])ressurein 
veins may be taken exactly as is arterial pressure, exee])t that since 
tlie pressure is so low water is used iu the manometer instead of 
mercury. An invei ted l^ell of very tlnii glass makes a convenient 
iloat. In man, ])robably the most trustwortliy way is to observe the 
pressure at which a saline solution will just sto^) running into a vein 
through a cannula. The amount of pressure necessary to compress a 
superlicial vein or which will just prevent the re-lilling of a vein 
emptied by compression from the periphery inwards is also an index 
of the venous pressure. The venous pressure is normally about 5 to 
15 cm. HoO or about 2 to 10 mm. Hg in a vein at the elbow, held 
at the level of the right auricle (Bedford and Wright). 

I’lio venous pressure varies directly with the blood volume 
relative to the capacity of the circulation; in this way it is 
different from the arterial pressure, which may be kept up reflexly 
by the vasomotor centre. If blood is lost, the arteries and 
capillai’ies constrict and by increasing the peripheral resistance 
keep up the arterial ])ressure, but as a result (corresponding to a 
closing of the tap in fig. 89) the venous pressure falls. This 
adaptation also occurs whenever a drug is injected which causes any 
marked increase in the capacity of the eircmlation. Tt is seen after 
the injection of liistamine (see Capillaries, ]). 174) and of alcohol, 
which dilates skin vessels, although in neither instance may 
there be, at least with small doses, any sustained fall of arterial 
pressure. 

Wlien, however, there is a large increase in the capacity of the 
circulation, as when a large dose of histamine is injected {c(j. 2 mg. 
histamine into a cat), or when the nervous control of the blood- 
vessels is cut off, then there is a fall of venous pressure and failure 
of the circulation because the heart does not receive sullicient blood. 
Tills phenomenon occurs in shock and is of great surgical importance. 

The venous pressure is also much influenced by the efficiency 
of the heart as a pump, and the weaker the lieart becomes the greater 
is the venous pressure because blood continues to flow into the veins 
from the arteries, the blood in which is at a much higher pressure 
(see lig 105). There is, indeed, evidence that the height of the venous 
pressure is the most delicate test of the efficiency of the heart. A 
rise of venous pressure is very commonly seen in cardiac diseases, 
and the venous congestion so produced may cause dire results. 

On the other hand, increased efficiency of the heart causes a fall 
of venous pressure. 

When for any reason the venous piessure becomes high, the 
capillary pressure is increased and the flow through the capillaries 
delayed. Lack of oxygen leads to increased capillary permeability 
and this combined with increased capillary pressure results in the 
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passage of ex(;ess limd into the tissues. Such an excess is called 
oedema or dropsy. A mild degree of this occurs in tlie lower limbs 
from standing still for twenty minutes. 

The return of blood to the heart is (‘ssentially brought about by 
the arterial pressure. In most animals the heart is as emphasised 
by Franklin at almost the lowest point of the circulation. The return 
is therefore facilitated by gravity with the exception of the blood 
from the limbs where the valves assist. 

In exercise the return of blood is facilitated by muscular move- 
ment itself, which compresses the capillaries in the muscle itself 
and also to some extent the valved veins. The dilatation of the 
vessels permits a more rapid flow of blood from the arteries to the 
veins. 

The return of the blood to the heart is still further assisted by 
respiration. Indeed, so important is this function that the term 
“ respiratory immp ” is used (L. Hill). Any temporary cessation in 
respiration causes a fall in arterial blood-pressure, until asphyxia 
ensues. The pressure in the chest is normally negative During 
each inspiration there is produced an increased negative pressure in 
the chest and at the same time an increased positive pressure in the 
abdomen. The negative pressure in the chest tends to draw blood 
into the chest and the positive pressure to drive up blood from 
the abdomen. Thus at each inspiration, since the valves of the 
veins prevent regurgitation into the lower limbs, blood is drawn 
towards the heart. The action of the respiratory pump is increased 
with the respiration during exercise. 
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THE CONTROL OF THE CIKCUI-ATION. 

The (iirculiitioH is controlled ])y cluiinicjil and nervous niecdianisnis 
which maintain its eilicicncy in whatever (urcnnistances the body 
may be placed. One «reat ])nrpose of the control is to ])rovidcr wide 
variations m blood sup])ly to various organs, especially the muscles 
acciordiiio to tluur activity and reepurements. The (iontrol also 
prevents the elhciency of the cinudation from being unduly affected 
by changes in the position of the body and ensures that in the event 
of loss of blood, the heart and brain — the most essential organs of 
the body — are the last to suiler seriously. 

The Control of the Heart -Rate. — This rate is set by the 
pace-maker, which may be influonced appreciably by various factors, 
especially those which reach it by way of the sympathetic and 
the vagus nerves. In addition, the rate is affected by the temperature 
of the blood reaching the pace-maker, and by the amounts of 
thyroid and adrenal hormone circulating in the blood, formally 
these are of little significance but they become important in 
disease. 

The Nervous Control 

The HI pathetic — In the mammal the sympathetic fibres leave 
the cord by the anterior roots of the second to the sixth dorsal 
nerves (Gannon, see fig. 58); they pass by the rami communicantes 
to the stellate ganglion, or first thoracic ganglion, and thence by 
the annulus and by the inferior cervical ganglion of the sympathetic 
they proceed to the heart (see fig. 101). 

In man, the cardiac branches of the sympathetic travel to the 
heart from the annulus and cervical sympathetic in superior, middle, 
and lower bundles of fibres. These pass into the cardiac plexuses, 
and surrounding the coronary vessels ultimately reach the heart. 

In the frog the sympathetic fibres leave the spinal cord by the 
anterior root of the third spinal nerve, and pass by the ramus 
communicans to the third sympathetic ganglion, then to the second 
sympathetic ganglion, then by the annulus round the subclavian 
artery to the first sympathetic ganglion, and finally in the main 
trunk of the sympathetic, to near the exit of the vagus from the 
cranium. Here they join the vagus and run down to the heart 
within its sheath, forming the joint vago-sympathetic trunk. These 
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filn’cs an; indicated hy the dark lino in fnjj. 102. Tlie filn'o.s of the 

sympathetic which n]> into the skull an; for the sn])ply of 

blood-vessels there Lt should be noted that the frog has no 

accessory n(;rve. 

The sympathetic libres a])pear to ])ass to Ihdder’s ganglion at the 



Fm 101 — l)ia>;i;im to show tlio chief patliw ijs concerned m s\ inpithetio .u( eler.itioii of tlie nianiinalian 
hcai t V an alleient libie in tho \ cunceined in the riglit aniicular atnl v.isoconstiictoi retlexes 
M, tho rneilulla The sympathetic iihies aic shown in fiom winch llbies pass cliielly via tho 

stcUato K'^ntilioii to tho heart and by othci ganj^lia to vessels (A) A, an alleient tibio fmin the skin 

junction of the auricles and the ventricle. This ganglion acts as a 
relay station. 

The fibres from tho brain appear to pass down tho spinal cord 
in its lateral columns, but detailed information on their origin is 
lacking. 

Stiimdation of the fibres anywhere along their course brings 
about cardiac acceleration and augmentation. There is, however, 
evidence that separate fibres may be concerned in these two 
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functions, and it is claimed that in mammals one or two small 
nerves leaving the stellate ganglion produce augmentation without 
acceleration. 

The upper end of the sympathetic has not been accurately 
defined although the term cardiac-accelerator centre is commonly 
used. It has been found possible to accelerate the heart 
by stimulation of the hypothalamus (Brown, Beattie and Long), 
but not of. the medulla ^.of the mammal without causing other 



changes. Similar effects are produced by stimulation of the cerebral 
cortex. 

The sympathetic is constantly sending accelerator impulses to 
the heart, as is seen by the fact that its section or paralysis by 
ergotoxine causes cardiac slowing. 

Increased sympathetic activity is brought about reflexly by 
a number of procedures, especially stimulation of any afferent nerve 
from the skin and from a rise of pressure in the right auricle. 
This source of stimuli appears to be important in exercise when 
the auricular pressure rises. The exact source of the sympathetic 
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drive which is present at rest is unknown, but the above facts 
suggest that it, the sympath etic, is constantly receiving impulses 
from all parts’ of tliel^dy and especially from the external environ- 
ment. Sympathetic activity is increased in exercise, in anemia, 
in aspiiyxia, and by a fall of arterial blood-pressure. In exercise 
the increased action is brought about by the increased mental 



B.P 


Fia 103 — Ri8o in arterial blood-pressure produced by stimulating tbe central end of a sensory nerve 
(external popliteal) in a cat under the influence of morphine and curare B P., blood-pressure; 
A, abscissa or base-hne; T, time intervals of 6 seconds; E, signal line, the lowering of which 
indicates tlie period of stimulation of the nerve. The size of the figure is sliglitly reduced in 
reproduction (Sherrington.) 

activity and the rise of blood-pressure in the right auricle. (See 
Exercise, p. 196.) 

Sympathetic activity is normally held in check by those reflexes 
which increase vagus activity. 

Increased activity of the sympathetic by increasing the output 
of the heart causes a rise in hlood-pressure which, as we shall 
see, is usually, in the intact animal, further enhanced by con- 
striction of the blood-vessels which is produced at the same time 
by the excitatory agent, e.g sensory stimulation (fig. 103). 

The Vagus. — The vagus is the tenth cranial nerve and is 
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the chief nerve of the parasympathetic or cranio-sacral division 
of the aiitononiic nervous system. Stimulation of the vagus brings 
about a marked slowing or cessation of the activity of the heart, in 
the first instance complete, causing a marked fall of arterial and rise 
of venous pressure. If the stimulation is continued, so-called vagus 



Fio. 104.— Diagram of tlio chiof cardio-inliibitory reflux area. AfToreiit fibres from the aorta arnl heart 
via the aortic do])ressor nerve, Al), and by the carotid depressor nerve, CD, from tlie carotid sinus 
C, are shown in red. O, the, gloss<3-phavyngeal nerve of which the carotid nerve is a branch. In 
red also is shown the efferent pathway of tlie vagus distributed to the sinus and auriculo-ventricular 
bundle, VMX indicates an efferent vasodilator fibre operat<!d from the same atlerents (McDowall). 


escape (or escape from the inhibitory stimulus) may occur as the 
result of the rise of venous pressure stimulating the cardio-accelerator 
mechanism. This is shown by the fact that if steps are taken to 
prevent the rise of venous pressure, e.g. by bleeding, vagus stimulation 
continues to cause slowing for hours without evidence of fatigue 
(McDowall). 

Ill the frog a similar inhibition is produced, but since in the 
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latter the sympathetic is bound up with the vagus mixed effects 
may occur (fig. 106). It is important to observe that if records 
of the frog’s heart are being taken with the usual form of cardio- 
graph, any form of mechanical stimulation, such as a too-heavy 
lever, may dimmish or annul the vagus effect. So also will too strong 
stimulus which may stimulate the heart-fibres directly. 

‘ In the frog the inhibitory fibres have a relay station in Eemak’s 


Pulmonary 


MO 






Fio. 105. — Sliows the effect of stimulating the vagi on the arterial (pulmonary and carotid) and venous 
pressures taken simultaneously. Note that although stimulation was continued, an escape 
occurred, which in this instance was confined to the ventricles The venous and pulmonaiy 
pressures were recorded by water manometers (McUowall). 

ganglion in the sino-auricular junction. The synapses in the junction 
may be paralysed by painting the region with nicotine but thereafter 
the heart may still be slowed by stimulating the post-ganglionic 
fibres which arise in this region which is recognisable as a white 
line or crescent. If, however, the heart is now painted with atropine 
no inhibitory effects can be produced (see p. 105). 

The chief action of the vagus in the mammal is on the sino-auricular 
node, and on the auricle, of which the force of contraction is reduced, 
the duration of systole shortened, and the refractory period diminished. 
The vagus also depresses the conductivity of the auriculo- ventricular 
bundle. This is shown by the fact that if a partial heart-block is 
produced, stimulation of the vagus may make it complete. 
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It is now known that the vagus acts by liljerating a chemical 
substance, acetyl-choline, in the heart (Loewi). This substance had 



Fio. TOG.— Tracing showing the actions of the vagus on the frog’s heart. Anr., auricular; Vent., 
ventricular tracing. The part between the perpendicular lines Indicates the period of vagus 
stimulation. C.8 indicates that the secondary coil was 8 e.m. from tlie primary. The part of 
the tracing to the left shows the regular contractions of moderate heiglit l>eforo stimulation. 
During stimulation, and for some time after, the beats of auricle and ventricle are arrested. 
After they commence again they are small at first, but soon acquire a much greater amplitude 
than before the application of the stimulus. (From Urunton, after Qaskell.) 


long been known to have a similar action to that of the vagus. 
Howell had previously suggested that the action was due to the 



Fio. 107.— a record of the currents of action in the depressor nerv(! df Hi.' rat. Fidiu the electro- 
cardiogram above it is seen that there is a burst of impulses during the systole iif the ventricles 
(Greenwood and McDowall). 


liberation of potassium, and it may he that somehow his findings 
are related to those of Loewi, which have already been described 
on p. 83. 

The Ckirdio- Inhibitory llcjlexoi. — During rest the vagi are 
constantly sending out impulses to restrain cardiac activity as is 
indicated by the fact that if they are cut, or if their action is 
prevented by atropine, there is cardiac acceleration. Moreover, it 
can he shown that this vagus restraint depends on the receipt 
by the vagus centre of afierent impulses, the loss of which leads 
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to cardiac ac.colcration. Those iiiipuLscs arise in ilio walls of certain 
])]o()d-vcsselH dnrin^’ cacli systole; of the heart. 

In 1865 Cyon liad discovered that there runs with the vagus a 
nerve known as tlio aortic depressor,* stinuilation of the central end 
of which caus(;s a fall of lilood-pressuro and slowing of the h(;art liy 
way of the vagus. Now it has been shown that at each beat of the 
lieart impulses pass up this nerve to the medulla (Adrian andBronk, 
Jhjlant). (See lig. 107.) 

The ini[)nlses arise as a result of the stretching of the walls of 
the aorta and the left side; of the heart. This has been finally 
shown hy Daly and Verney, who short-circuited the arch and 
obtained cardiac slowing by stretching it. 

In 1925 Hering discovered that similar distension of the 
region known as the carotid sinus at the bifurcation of the common 
carotid artery bail a like effcid and this has been fully confirmed 
and studied, especially by Hoymans It is possible to separate the 
carotid sinus from the circulation with its nervous connections intact 
and to supply it with blood at different pressures. It has been shown 
that impulses pass to the medulla by way of a branch of the glosso- 
pharyngeal nerve. Thus wo may say that the normal vagus activity 
is maintained reflexly from the cardio-aortic region and the carotid 
sinus. 

These two reflexes are responsible for the observations of Maroy 
that the higher the blood-pressure the slower the heart and vice versK. 
The vagus centres may also bo stimulated by a number of other 
procedures, such as a blow on the abdomen or larynx, but it is 
tloubtful if they have any physiological significance except that 
they show reflex paths. 

An increase m cerebral pressure also brings about similar results, 
apparently through direct action on the medulla. The cardiac 
slowing produced is an important sign of bleeding into the cranial 
i;avity in cases of fractured skull 

The lidatnm of the Sympathetic to the Vayus . — The sympathetic 
and vagus arc not so antagonistic as at first sight appears, rather 
they assist each other in providing the heart with a wide range 
of activity, for when the heart is accelerated normally or by sensory 
stimulation there is a reduction of the normal vagus restraint. 
This was shown by Gasser and JVIeek and by Heyrnans and Saniaan, 
who compared the effects of exercise on animals before and after 
cutting the sympathetic and vagus. 

It has indeed been shown that the reduction of vagus restraint 
is certainly as important as increased sympathetic action. How 
exactly the changes are brought about is not certain, but it is clear 

* This is a separate nerve in the rabbit, but in most mammals it is bound up 
with the vagus. 
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that psychical chbcts and tlie elfocts ol* afferc^nt impulses play an 
important part. 

Tt has, however, been siii^gested that the cardio-inhibitory rcllex 
has an important function in relation to cardiac efliciency. The 
more efficient the heart the more blood it is capable of })umping 
out per beat, but the cardiac accehiration which takes place when 
the venous pressure rises in exercise would prevent full advantage 
being taken of the increased efficiency unless vagus restraint during 
rest were iiuireased This fumdaoii would explain why those in good 
training develop increased vagus restraint. It would seem then 
that the essential function of the cardio-inhibitory mechanism is -to 
increase the range of the heart-l)eat l)y extending its lower limit. 

It is also believed that by such reflexes the heart is jirotected 
against a sudden rise of pressure on the arterial side. If such 
a rise is produced, it is at once reduced by cardiac slowing and 
vascular clilatation. 


The Chemical Control of the Heart-Rate. 

Any procedure which causes oxygen-want and the accumulation of 
carbon dioxide in the brain causes cardiac acc(3leration which at a 
later stage is replaced by canliac slowing. Since the acceleration 
occurs even after the vagi are cut, the sinusi^s denervated, and the 
suprarenal glands removed, it must be considered that siudi pro- 
cedures cause a central stimulation of the sym])athetic (Mcl)owall). 
At the same time they cause apparently an inhibition of the cardio- 
inhibitory reflex since, under conditions of oxygen-want and carbon 
dioxide accumulation in exercise and asphyxia, cardiac acceleration 
occurs at the same time as a high blood-pressure. 

Tt should, however, be pointed out that although this mechanism 
has been shown to exist it has not yet been shown that the changes 
in the blood in lujrmal exercise are sufficiently large to be effective 
in this way, but is very important in disease. 


The Effect of Drugs on the Heart. 

This question belongs properly to the realm of Pharmacology. 
We shall, therefore, confine ourselves to those substances which are of 
importance owing to their use in physiological investigation. 

We may conveniently divide the drugs which act on the heart into 
two categories : those which act on the cardio-inhibitory mechanism, 
and those which act on the cardio-accelerator mechanism. 
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Adrenaline, from the suprarenal gland, like the sympataetic 
causes a marked increase in the force and rate of tlie heart. 

Ergotoxine and ergotaimne, from extract of ergot, by paralysing 
the sympathetic cause a profound slowing of the heart, 

Atrognne, from belladonna, causes marked acceleration of the 
heart-beats, by preventing the action of acetyl-choline normally 
])roduced by the vagus. This has already been referred to 
on p 88. 

Mmcarine, from poisonous fungi. Pilocarpine, from Jaborandi 
loaves, and Choline and the more active Acetyl -choline cause marked 
slowing of the heart. Their action is abolished by atropine. 

W(i have already noted that there is evidence that certain 
nerves act by producing adrenaline or acetyl-choline in the region 
of their nerve-endings. 

Nicotine paralyses the synapses of the autonomic nervous 
system and abolishes, thereby, sympathetic tone and vagus restraint. 
As the latter predominates, nicotine causes an acceleration of the 
heart. 

Narcotics a7id Ghloi'oforni. Most narcotics, eg. morphine and 
chloral, if administered in sullicient quantity depress the sympathetic 
and lead to increased parasynqiathetic activity as indicated by 
cardiac slowing and constriction of the pupils At a certain stage of 
their action the cardio-iiihibitory reflexes tend to become exaggerated. 
Com])leto arrest of the heart may bo brought about accidentally in 
such cireumstanc(is. This is well known in chloroform anaesthesia, 
in which the irritation by the vapour of the lungs may set up 
inhibitory reflexes. In animals, cutting the vagi immediately sets 
the heart going again. In man, atropine may be administered to 
avoid the inhibition. Small amounts of chloroform are, however, 
quite safe in midwifery cases in which there is an unusual amount 
of sympathetic activity. Larger amounts of chloroform (over 2 per 
cent in the alv(;olar air), especially if administered for a long time, 
are liable to act very harmfully on the cardiac muscle. 

The Control of the Blood-Vessels — The Vasomotor 
Nervous System. 

The study of the control of the blood-vessels has gradually 
acquired greater importance since it was realised that it may play 
a large part in the production of the important and commonly fatal 
condition known as surgical shock. Operations to relieve spasm of 
vessels are now extensively practised. 

The Vasoconstrictor Centre. — It has now been definitely 
established that all the blood-vessels in the body are under the 
control of the vasoconstrictor centre which lies in the floor of the 
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fourth ventricle, a few millimetres above the calamus scriptorius 
of the medulla. The position of the centre has been discovered 
by the following means: If sections are made through the brain 
above this level, there is no immediate effect on the blood-pressure ; 
on the other hand, section of the medulla below this region causes 
a profound fall of blood-pressure due to the loss of the influence 
of the centre which normally keeps the vessels in a state of partial 
contraction or tone (Ludwig and Dittmar). 

In such experiments the animal must be kept alive by artificial 
respiration since the sections interfere with the normal respiration. 
It is found that oven after the vasoconstrictor centre has been cut 
off by section of the medulla, recovery of blood-pressure may occur. 
This suggests that the spinal cord is the seat of subsidiary centres, 
a view which is supported by the fact that destruction of the cord 
causes the blood-pressure to fall again. 

The vasoconstrictor centre is normally kept stimulated by impulses 
which reach it by the afferent nerves (especially those of the skin, of 
the carotid sinus, and the vagus), and, as first pointed out by Yand(dl 
Henderson, by carbon dioxide in the blood. If, therefore, the afferent 
end of a sensory nerve is stimulated, a contraction of blood-vessels 
is brought about and a consequent rise of blood-pressure, although 
any effect on the heart has been prevented by previous section of 
its nerves. Eeflexes causing rises of blood-pressure are known as 
Pressor Eeflexes. A similar rise of blood-pressure is caused by an 
accumulation of carbon dioxide in the body, such as occurs in 
asphyxia (see fig. 140). On the other hand, if an anaesthetised 
animal is forcibly over-ventilated and the carbon dioxide in the 
blood reduced there is a fall of blood-pressure which has been shown 
by Halo and Evans to be duo to reduction of the activity of the 
vasoconstrictor centre. This effect does not, however, necessarily 
occur in normal man in whom certain compensatory mechanisms 
are present. The effort of over-ventilation and the effect on the 
capillaries of washing out the carbon dioxide make up for the 
reduction of carbon dioxide in the centre, formally, for example, 
the skin vessels constrict during over-ventilation (rapid deep 
breathing) in man. If, however, the individual is immersed in 
a very hot bath this change in the skin vessels tloes not occur and 
over-ventilation may cause a fall of pressure. 

The vasoconstrictor centre is like the heart also under a 
considerable restraint from depressor impulses whicE arise from 
the cardio-aortic region and the carotid sinus. Cutting off these 
impulses brings about a vasoconstriction. In this it acts reciprocally 
with the vasodilator centre, and the vascular constriction which 
occurs in haemorrhage may be looked upon as partly due to increased 
vasoconstrictor activity and partly to reduced vasodilator activity. 



190 


THE CONTROL OF THE CIRCULATION 


[CII. XIV. 


This may bo looked upon as a protection against a poHsi1)le fall 
of arterial ]>ressnre. When the pressure falls the depressor im})ulsos 
are reduced, and in man the skin pallor produced is an important 
point in the diagnosis of internal haemorrhage or shock. 

Even, howev(U‘, if all the depressor nerves an^ cut there is still 
compensation to a fall of blood-pressure showing that there an^ still 
further nudhods of stimulating the centre, but these are not yet 
known. It may bo that the centre itself is sensitive to a fall of 
arterial pressure. 

From the vasoconstrictor centre impulses j)as8 down the spinal 
cord and pass out in the anterior roots to the white rami and thence 
to the sympathetic cliain of ganglia from which they are distributed 
to the whole body. The reader should refer to the description of 
the sympathetic nerves given on p. 95. A certain number of fibres 
pass back by the grey rami and are distributed with the ordinary 
motor fibres in which they may be demonstrated by the effect of 
electrical stimulation. 

The Vasoconstrictor Fibres. — These fibres, as wo have stated, 
keep the blood-vessels partially constricted, and their function was 
lirst demonstrated by Claude Bernard in the ear of a rabbit, lie 
found that division of the cervical sympathetic produced a redness 
at the side of the head and of the ear in which the central artery 
and its branches were seen to enlarge and many small branches not 
previously visible came into view. The ear felt hotter to the touch 
On stimulating the peripheral end of the cut nerve he found that 
the ear resumed its normal condition and indeed might become paler 
than usual owing to excessive constriction of blood-vessels. 

Subsequent experiments have shown that the capillaiics as well 
as the arterii's are affected by such stimulation (Hooker). It has 
also been shown that the veins have a vasoconstrictor nerve supply 
(Donegan). 

Evi(hnc6 of Chamjes in Blood- Vessels . — Since Bernard’s experiment 
a large amount of research has been made into the nerve supply 
of vessels and various methods have been used to show the delicate 
changes which may occur in the blood supply of a part, since it is 
possible only in a very few areas to observe the vessels directly with 
the naked eye or with the microscope. 

The changes which occur and which are recorded when possible 
are in (1) redness, (2) tem]iorature, (3) flow from the exit vein, 
(4) venosity of the issuing blood, and (5) the volume of the j^art. 
The last-named method, known as plethysmography, has been so 
much used that it is described below in some detail. 

Blethysmograidiy. — This method was introduced by Mosso 
and by its means changes in the volume of a limb or an organ 
can be recorded graphically. The part is enclosed in an air-tight 
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chamber which communicates with a delicate recorder, as shown 
in fig. 108. When the part alters in size, air is forced out of the 
chamber into the recorder or the rev(3rse. (Ireat care has to bo 
taken that in making the air chamber air-tiglit the vessels entering 
the limb or organ are not compressed, riethysmographs are made 
of glass, metal, e.g. lioy’s oncometer, or of gutta-percha (Schafer) 
which is specially useful as it can he readily made to fit any organ. 
Thus the salivary glands, lobes of the liver or lung, kidney, spleen 
or coil of intestine can easily bo enclosed in an appropriately shaped 
chamber covered with a glass plate, and made air-tight with vaseline. 



Fio lOS — Plothysmograph Tho arm, A, is onclosod in a glass bubo, G, and tho system made 

air-tight with a rubber band, B, tittlng around tho arm and retlected o\er tho outside of 
(r The volume changes are transmitted to and rccordo<l by a (.McDuwall) float-recorder. 
For short experiments air transmission is used, but for experiments of longer duration the 
apparatus is filled with water to pre\ent volume changes due to temperature variations 


The use of the plethysmograph is found particularly valuable in 
relation to the limbs and the intestines, not only for studying tho 
vasomotor nerves but also for investigating the action of drugs on 
blood-vessels. Changes in the spleen or a coil of the intestine are 
important as they indicate what is probably occurring in the whole 
splanchnic area, an area capable of holding a third of the blood of the 
body. The term splanchnic area is applied to the whole abdominal 
region which is supplied by the splanchnic nerves which pass down 
from the lower sympathetic ganglia in the thorax. It includes the 
whole alimentary canal. From what has been said it will be under- 
stood that stimulation of either splanchnic nerve causes a constriction 
of the blood-vessels in this region. 

Kecent work has shown that changes in the volume of a limb 
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are for the most Y)art due to the skin vessels. If, for example, 
adrenaline is injected into an animal the normal limb volume is 
reduced, whereas if the limb is skinned the volume increases because 
tlie vessels of musedes are dilated by small doses of this substance. 

It is niucli more dilhe.ult to measure the rate of the blood-flow 
through a jiart. Probably the most accurate is to find the amount 
of blood wlmdi issues from the vein heaving the jiart in a given 
time. Por YirolongcMl experiment, howcviu*, tliis involves the us(3 of 
anticoagulants and the reinjection of tht^ blood 

Tlie nudiliod of the thenno.'itroiindir elaborated by Pein offers 
a iiKdliod of studying the flow in a large vaissel without opening it. 
The Y)iece of vessel is Yilaced ludween heating Yilates and the amount 
of heat taken uj) by the blood detm-inined by means of thermocouYiles 
al)ove and below the heater This amount depends on the flow. 
.,The method of llrodh; and of Lewis in wliich the rate of swelling 
\)f a pait after venous ocidusion has also been used. 

Perfasion Experiment . — In tliese exiieriments there is [lassed 
into the artery sujiplying the tiart under investigation warm Pinger’s 
solution or blood under (jonstant jiressurc (about 100 mm. Hg). 
Changes in the calibre of the vessels are shown by measuring the 
outflow from the corresYxmding vein or by recording the resistance 
to the inflow by means of a side tube. Perfusion experiments have 
the groat advantage that the eflect of changes in other yiarts of the 
circulation, e.g. in the output of the heart, is excluded. The method is 
specially valuable in the study of the action of drugs. 

If a jiart of the body is Yierfused while the remainder of the 
animal is intact, so that the Y>erfused jiart only communicates with 
the rest of the animal by means of nerves, it is possible by studying 
the rate of perfusion to study the activity of the vasomotor 
centres. 

The Function of the Vasoconstrictor Reflexes and Nerves. — A 
study of exercise indii'ates that the function of these reflexes and 
nervi^s is to shut down the blood-vessels of the body generally in 
order to ])ro\ide a maximum amount of blood for active tissues. 
Thus in ext'vcise the sYilanchnic region is constricted to jirovido blood 
for the muscles, while after a meal additional blood is tirovided for 
the alimentary canal by constriction of vessels elsewhere. 

There is also a vasodilator centre. It appears to act recipro- 
cally with the vasoconstrictor centre, i.e. when one is stimulated 
the other is inhibited, and vice versa. It lies in the floor of the 
fourth ventricle close to the vasoconstrictor centre, but it may 
separately be stimulated electrically and bring about a fall of 
blood-pressure. Like the vasoconstrictor centre it is constantly 
sending out impulses. 

Normally it is stimulated by impulses which pass up at each 
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heal of the lieavt from tlic card io-aor tic rcj^ioii and the carotid sinus, 
and wJiich we liave seen also bring about slowing of the heart, 
via the vagus (see ]>. 186). The raising of the ])ri‘ssur(^ in those 
regions causiis a fall of arterial pressure aftiT th(‘ heart nerves liavii 
been mit wliilti a fall of ])ressurc causes the reviusi' Idle lathu’ eifect 
is ])rohably best seen in the cat by occluding the coninion carotid 
artery or by painting the carotid sinus with cocaine especially after 
the vagi have Ikmui cut. 

The vasodilator mechanism may, however, be stimulated in otlier 
ways, for example by the application of slow galvanic shocks to 
many mixed nerves, e.y the sciatic. Many meclianical procedjLires, 
siudi as stretching of muscles, also bring alioiit a fall in blood- 
])ressuro presumably by stimulating the vasodilator nieidianism whose 
activity is enhanced by carbon clioxide and reduced by its lack 
In order to demonstrate tluise facts it is necessary to depress the 
sympathetic by a suitable aiuesthetic and to cut tlui buher nervi's 
whi(*h tend to keep the pressure from falling. All siudi rellex falls 
of arterial [irivssure are known as DcpreSvSor Eellexc^s, 

Vasodilator Nerves. — In addition to vasoconstrictor nerves, it 
seems probable that every organ also receives a supply of vasodilator 
nerve-hbres. These libres, wlien stimulated, cause dilatation of the 
vessels in the organ supplied. The vasodilator libres are (ioii- 
veniently divided into several categories — local dilators, posterior 
root dilators, and sympathetic dilators. 

(1) Local vasodilator nerves include such nerves as the chorda 
tympani to the salivary gland, and the nervus erigens to the erectile 
tissue of the penis. 

(2) Vasodilator fibres were shown by Strieker to pass out from the 
s[)iiial cord in the posterior nerve-roots, stimulation of which caused 
vasodilatation in the parts supplied, and their existence was amply 
confirmed by Bayliss These libres, like the vagus, are activated in 
the depressor reflexes from the aorta and carotid sinus. Subsequently 
they join the mixed nerve-trunks. There is evidence that the 
vasodilator nerves to the skin act by liberating vasodilator substances 
like histamine and acetyl-choline (see the Autonomic Nervous 
System). 

(3) Vasodilator fibres also pass out in the sympathetic, hut special 
means have usually to be taken to demonstrate them ; for example, 
the sympathetic may be first paralysed by ergotoxin (Pale) or slow 
stimuli may be used. 

Apparently, however, there is a difference in different animals. Burn obtained 
dilatation in the hind limb when the abdominal sympathetic was excited by slow 
stimuli in the dog but not in the crat, while Dastre, Bernard’s successor, remarked 
that had the latter chanced to use a dog instead of a rabbit the vasodilator action 
of the cervical sympathetic would have been more apparent than its constrictor 
action. 
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Tlu! syiii|);it]i(;tic dilators a])j)oar to ])ass out by tlio anterioi’ roots 
;i,nd to p!iss ]»arti(uilarly to iiiusohis ((Jasktdl, (Jauiion) 

All dilators ](‘a(‘li the organs they su[»j)ly in mixed neives in 
whieJi (jonstrietors coiiimonly })re< loin mate In ('-ons('(|ii(m(‘e, stimu- 
lation of such a nerve usually (;ausos vasoconstriction 

In order to demonstrate the presence of dilators in mixed nerves 
special procedures have to be adopted (Bowditch and Warren, 
(h)ltz). 

1. The, Method of Deijenerot ion — If the sciatic nerve is cut, the 
vessels of the limb dilate. This passes olf in a day or two If 
the peripheral end of the nerve is then stimulated, the vessels are 
dilated, as the constrictor fibres degenerate earliest, and so a result 
is obtained due to the stimulation of the still intact dilator fibres. 

2. The Method of Slmvly Interriqdcd Shocks — If a mixed nerve 
is stimulated with the usual ra})idly interrupted faradie current, 
the effect is constriction; but if the induction shocks are sent in 
at long intervals {e.y, at intervals of a second), vasodilator effects 
are obtained. 

3. The Injluence of Temj^eraiure — Ex])Osurc to a low temperature 
depresses the constrictors more than the dilators. If the leg is 
placed in ice-cold water, stimulation of the sciatic, even if it has 
only recently been divided, produces a Hushing of the skin with 
blood. 

4. Mechanical stinmlatioii of a mixed nerve as distinct from 
electrical stimulation not infrecpicntly causes vasodilatation. The 
explanation of these dif(‘eremt elfects is as yet uncertain, for no 
dilference in the excitability of the vasoeonstructor and vasodilator 
fibres has been found. It would seem that the effects depend on the 
number of impulses reaching the vessels. 

The Function of the Vasodilator Nerves. 

The work of Cannon and his co-workers and the action of 
adrenaline (si^e Adrenaline) indicate that the function of the 
sympathetic vasodilators is probably concerned with the dilatation 
of the vessels of the muscles in physical exercise. 

The function of the dilator reflexes arising from the cardio-aortic 
region and the carotid sinuses would appear to be twofold. At 
rest they maintain the arterial pressure at a constant level. 

In exercise when the blood-pressure rises, however, these reflexes, 
like tlie vagal rellexes, appear to be thrown out of action, for it 
has been shown (McDowall) that all procedures which accelerate 
the heart and which are likely to occur in exendse, c a rise of 
vimous }uessure or adrenaline, cause a reduction or even abolition 
of the depressor rellexes as they do vagus activity. 
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Sin(3() it has been sliown tliat stimulation of the central end of the 
depressor nerve causes a greatly increased capacity of the cirtmlation 
(Bayliss), and since experimental interruption of tlie reflexes increases 
the venous flow and the output of the heart, it is probable, therefore, 
that an 'important function of these vasodilator reflexes is^ to 
maintain fa large volume of blood Ts immediately available for 

A 
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Fio. 10{) —Tracing of arterial blood-pressure showing the effect of stimulating the central end of the 
depressor nerve. The letters prefixed to the various lines have the same meaning as in hg. 108. 
(Lent by Sherrington.) 

the active muscles during exercise. Thus the vagal reflexes and 
the capacity reflexes which have a similar origin are both concerned 
with increasing the degree of change in the rate of the circulation 
which is possible in exercise. 



The Chemical Control of the Blood-Vessels. 

This control is both central and local. We have seen that carbon 
dioxide stimulates the vasomotor centre and that, in relation to the 
capillaries, this substance and lactic acid cause dilatation of these 
vessels. These chemical substances, produced locally, take pre- 
cedence over nervous influences, for when the cervical sympathetic 
is stimulated the constrictor effect is seen to wear off as soon as 
the ear becomes asphyxiated. The importance of these facts is 
dealt with below. According to Fleisch the arterioles may also 
participate in this local chemical control. 


The Effect of Exercise on the Circulation. 

The various changes are described as being actually brouglit 
about by exercise, but, as we shall see later, some of them may 
anticipate the exercise. This is especially true also of the secretion 
of adrenaline, which assists the nervous control to redistribute the 
blood according to bodily needs. (See Adrenaline.) 
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Local Vascular Changes. — We now know, from the work of 
Krogh, that the capillaries can alter their calibre independently of 
the arternjhis, although, like the latter, they are supplied with nerves 
(liookm-, see Ca])illary Circulation, p 174) 

When exercise takes ])lace, there is marked dilatation of capillaries 
in the active region. This has been most eonvineiiigly demonstrated 
by Krogh. By injecting indian ink into the blood-vessels of two 
sots of frogs, in one of which the tongues had been stimulated 
to contract for some time previously, he found on examination of 
sections that many more capillaries could be seen in the active 
muscle than in the resting tissue. 

This dilatation, we may believe, takes place as the result of the 
production of lactic acid and carbon dioxide during the activity, 
but it is possible to obtain from the venous blood leaving a tetanised 
muscle a substance whose properties are the same as histamine 
(Anrep and his co-workers). Extensive tetanisation of an animal 
may bring about a state like histamine shock (McDovvall). It may 
therefore be suggested that histamine is ('crtainly concerned and 
possibly other iiroducts of metabolism (l^rury, Fleisch) 

At the same time, impulses appear to pass up the sensory nerves 
from the active tissues and bring about dilatation of the vessels 
supplying the part. This is suggested by the work of Lov6n, who 
found that if the afferent nerve from an organ was stimulated, 
dilatation of the vessels in that organ was brought about retlexly, 
although there was at the same time a rise of arterial blood- 
pressure 

General Vascular Changes. — While there is a local dilatation 
of vessels it is found that there is, provided the exenuse is sulliciently 
severe, a rise of systolic blood-pressure. Tho diastolic pressure rises 
less. This rise is almost entirely brought about by the mental 
effort concerned since exorcise without such effort may result in 
a fall and the rise in exercise is little greater than that produced 
by mental effort alone. The rise may bo enhanced by stimulation 
of the vasomotor centre by afferent nerves and by carbon dioxide 
produced by the active muscles. 

At the commencement of the exercise the rise is due to an 
increased peripheral resistance and an increased cardiac output. 
As the exercise proceeds the diastolic pressure may actually fall 
because of the dilated vessels. The increased cardiac output is, 
however, maintained by a rise of venous pressure and an increased 
return of blood to the heart. 

Although at the moment of contraction the How through a 
muscle is reduced, immediately afterwards the flow is greatly 
increased because of diminished peripheral resistance. This, together 
with the reduction of the capacity of the blood dep(3ts, raises 
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tlio venous priissure and this is onliaiuaMl l)y the eoinpression of 
the valved veins. The occurreiiee of a rise of venous })iessure in 
exercise was first found by Hooker and lias been amply confirmed. 
At the same time the carbon dioxide, as we shall see later, 
stimulates respiration, which is siudi an important factor in causing 
a return of blood to the heart that it is referred to as the respiratory 
pump. At each inspiration the descent of the diaphragm raises 
the pressure in the abdomen, similarly the intrathoracic pressure 
is reduced and blood is, therefore, drawn into the thorax. 

Cardiac Changes. — The increased return of the blood to the 
right side of the heart brings about a largo increase in the cardiac 
output per minute which may ho more than six-fold. This occurs: 
(1) in virtue of the increased filling, which increases the out])ut ])er 
beat (see Output of Heart), and (2) because of the increased heart- 
rate, which is brought about partly as a result of direct action of 
increased venous pressure and warmer bloo<l on the pace-maker, but 
chiefly through the nervous mechanism of the heart. 

There is a diminution of the normal vagus restraint of the heart 
and increased sympathetic activity. This is probably due to a 
variety of causes partly and initially psycbic but continued by 
reflex action once the exercise is begun. The latter oflects are 
produced partly by the stimulation of afferent nerves in the active 
tissues; but an important mechanism concerned is the Bamhruhjo or 
right aurimlar rcjlcx. 

The Bdinhridgc or Right Atiricular Reflex, — When the pressure 
in the right auricle rises, impulses pass up the vagi to the 
medulla to inhibit the cardio-inhibitory ami to stimulate the 
cardio-accelerator mechanism, with the result that tlie lieart-rate 
increases. This was first demonstrated hy Bainbridge, who injected 
saline into the veins, and it has since been shown that distension 
of a small balloon in the auricle has the same effect. If the vagi 
are cut, the same degree of cardiac acceleration does not occur, but 
since some acceleration occurs after atropine, which paralyses the 
vagus-endings, it is evident that it is not wholly the reduction of 
efferent impulses of the vagus which is concerned. It is assumed 
then that the afferent pathway of the reflex arc is the vagus nerve, 
and, since cutting the sympathetic nerves still further reduces 
the acceleration, it is assumed that normally there is not only 
a reduction of vagus restraint, but also an increased sympathetic 
activity. 

Central R fleets. — There is also evidence that the oxygen-want may 
cause a direct central stimulation of the sym])athetic and a reduction 
of the normal vagus restraint, thus making it possible for the h(*art 
to accelerate in spite of the high hlood-pressure and the depressor 
reflexes. 
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Ill very severe exercise the rate and force of the lieart may be 
still further increased hy the secretion of adrenaline from the 
suprarenal glands, Imt that this does not account for all tlie above 
results is shown hy the fact that they occur after tlie suprarenal 
glands liavo licon tied off. 

The Effects of Temperature. — Subsequently, if the exercise 
is prolonged, the body temperature tends to rise and the hot 
blood stimulates the heat-regulating centre and causes dilatation 
of tlie skin vessels The centre is assisted by the action of the 
metabolites as a result of the inereased activity of the sweat 
glands. 

The Effects of the Higher Centres. — Even before exercise 
biggins there is an acceleration of the lieart and a general constriction 
of vessels, hut how this effect of the higher centres is brought about 
IS far from clear. Mental activity only will bring about similar 
effects, causing in some individuals a rise of pressure of 50 mm. Jig 
above normal. 1^1 ven minute amounts of mental effort were shown 
by Mosso to cause a diminution in limb volume. This has been 
amply conlirmed and it is (ionsidered that the diminution of the 
electrical resistance of tho skin, the so-called psychogalvanic reflex, 
which accompanies such effort, is duo to this vasoconstriction, 
for it has been shown that all circumstances which cause vaso- 
constriction of tho skin {eg. tho injection of adrenaline or pitiiitrin 
or cold applied to another part of the body) cause a similar fall in 
the electrical resistance. 

It has been suggested that the sweat glands are concerned in the reaction, but 
Waller has .shown that atropine does not abolish the reaction, and profuse sweating 
does not cause such a fall unless the skin has been dry. It is probable, how- 
ever, that if the sweat glands and the vessels thereto are absent, as sometimes 
occurs, the reaclion also is absent. The suggestion that the reaction is not 
really due to a change in resistance is negatived by the observation of Appleton 
in Cambridge that the reaction occurs if an alternating current is used in the 
deterrniiiation of the resistance. Changes in electrical potential also take place. 

The electrical resistanco depends on the superficial layers of the 
epidermis (I^ewis and Zottermann), which according to Densham are 
deformed by the vasoconstriction of tho underlying vessels of the 
dermis. Since similar changes occur on sensory stimulation in 
animals and in man, if such stimulation is merely threatened the 
so-called elfects of tho higher centres may be looked upon as being 
in some way due to a “ conditioned SQjasory stimulation.” 

The vascular ollects IifTTfiblion are by no means confined to the 
skin. It has lieen found possilde to keep tlie spleen or tlio colon of 
a dog outside the abdominal wall The ejiitheliuin rajiidl}^ grows 
over it ami the animal suffers no discomfort (Hargis and Mann, 
Barcroft and Stevens, Drury and Eloroy). In states of emotion the 
spleen and tho vessels of the colon are seen to constrict. 
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Effect of (Jravity on the ( Circulation. 

The main elfeet of gravity is that the blood tends to accumulate 
in the veins of depcuident parts. Thus, if an animal is placed 
suddenly with its logs hanging down, less blood returns to the 
heart, and the blood-pressure in the arteries falls temporarily 
in consequence Tf the vasomotor system is acting jiroperly, how- 
ever, the blood-pr(Lssure rapidly returns to normal as the fall of 
blood-pressure together witli the jiartial (terebral amemia causes 
stimulation of the heart and of the vasomotor centre and vaso- 
constriction of the splamdiiiK; area. Tf the vasomotor centre- is 
inellkuent, the cardiac acceleration is all the morii marked. hiMuiard 
Hill suggests that this nuglit lu? usial as a test of vasomotor 
efliciency. At the same time inca-eased res[)iration causes an 
increased nd/urii of blood to the h(\irt (see Effect of Kespiration on 
Circulation). 

A very striking illustration of the effect of gravity on the circula- 
tion can be demonstrated on the eel The animal is amesthetised, 
and a small window is made in the body wall to expose the heart. 
Tf the animal is then sus})cnded tail downwards, the beating heart is 
seen to be empty of blood ; all the blood accumulates in the tail and 
lower ])art of the body ; the animal has no “ respiratory pump,” such 
as a mammal possesses, to overcome the effects of gravity. Tf. 
however, the animal, still with its tail downwards, is suspended in 
a tall vessel of water, the pressure of the water outside its body 
enables it to overcome the hydrostatic effect of gravitation, and 
the heart-cavities once more fill with blood during every diastole. 
Another ex]ierinient was originally performed by vSalathd on a 
“ hutch ” rabbit. If the animal is held by the ears with its legs 
hanging down, it soon becomes unconscious, and if left in that position 
for about half an hour it will die. This is due to aiijcmia of the 
brain ; the blood accumulates in the very pendulous abdomen which 
such domesticated animals acquire, the vasomotor mechanism of 
the splanchnic area is deficient in tone, and cannot bo set into such 
vigorous action as is necessary to overcome the effects of gravity. 
Consciousness is, however, soon restored if the animal is placed in a 
horizontal position, or if while it is still hanging vertically the abdomen 
is squeezed or bandaged. A wild rabbit, on the other hand, suffers no 
inconvenience from a vertical position; it is a more healthy animal 
in every respect ; its abdomen is not pendulous, and its vasomotor 
])()wer is intact. It may be shown that carbon dioxide is necessary for 
the ade([uate response of the vasomotor centre to ])osture (Mcl)owall). 
An animal may respond perfectly if the carbon dioxide is normal, 
but if it IS over-ventilated it no longer responds. Some persons 
show the same reaction. 
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T!i( 3 tiaiisiont oiddinoss exporienml after an illness on assnniing 
tlui oreet posture is due to similar eerclmil ameima. The debility 
following influenza is in part due to tins cause ; in some instances 
the arterial ]»ressuro, although normal in the horizontal position, 
falls to under 80 in the erect posture. 


The EfFEC'I’ of HyEMORRHACE 

Tlio ('ffects of haunorrhago depend on its severity and its 
duration, and are im])ortant as by them the (dinician diagnoses 
int(U‘nal haanorrhage. 

if a small amount of blood is removiMl from the body tlan’C is 
a temporary fall of arterial 1 flood-] iressure during the removal from 
wlmdi thm^e is ra]ud recovery. This riH'overy is due largely to 
imu'cased activity of the vasomotor centre as a result of the I’eduction 
of the dejiressor ini[)ulscs whidi pass uji from the arch of the 
aorta and the (sirotid sinus (lleymans) and to stimulation of the 
vasomotor centre by the fall of venous pressure which also oc'cnrs 
(IMcDowall). The presence of such pressor fibres in the vagi is shown 
liy the fact that after severe luemorrhage section of the nerves causes 
a fall of arterial pressure (Pavlov). The activity of the vasomotor 
centre causes the spleen to construd and to throw into the ( irculation 
its reserve of blood. It causes also constriction of the vessels of 
tlie intestine and of the skin, which leads to obvious pallor. This 
constriction of vessels increases the peripheral resistance and heiH;e 
the fall of venous pressure whicli persists much longer than the 
arterial fall. 

If the luemorrhage is severe the recovery process is slower, but the 
blood volume is rapidly made up from the tissue fluids which enter 
the blood as a result of the fall in capillary pressure. If the 
hicmorrhage is repeated over a period of weeks the yellow marrow 
of the bones becomes red through increased activity and commences 
to form blood-corpuscles. 

The heart-rate is markedly increased by luemorrhage as a result 
of a reduction in the impulses which normally depress the heart 
via the vagus centre. In severe haemorrhage the oxygen-lack 
])roduced also stimulates the sympathetic, but there are several points 
in relation to the cause of the increased heart-rate which still need 
investigation. 

The respiration, we have seen, at first l)ecomes deeper and more 
rapid ; it then changes its character, inspiration being more i)rolonged 
(air hunger). Finally, there is gasping and the (centre fails The 
initial iiKU'cased activity (air hunger) greatly aids the return of 
blood to the heart (see ElTect of Kespiration on Circulation). 

Unless a large vessel is opened hsemorrhage is for various reasons 
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seldom fatal. The (laiiiai^ed blood-vessel retracds and eoiitraets, 
and this, together with tiio clotting of the blood, tends to close the 
opening, while the formation of the clot is facilitated by the fall of 
arterial pressure. For tla^se reasons section even of such a large 
vessel as the radial artery may not cause death. 


Local Peculiarities of the Circulation. 

The Coronary Circulation. — A separate blood supply to the 
heart is peculiar to animals above the reptiles. In mammals the 
amount of the coronary flow is remarkable, and it is estimated that 
it takes about a quarter of the total cardiac output.* This has been 
ascertained in a heart-lung preparation {qv.) in which it is easy to 
measure the output by collecting the blooti as it flows from the 
coronary sinus by means of a special cannula. The rate of inflow 
may also he studied by supplying the coronary vessels of a beating 
heart with blood from a reservoir and recording by means of a 
rapidly acting optical recorder the interruption to the flow caused 
by the beat of the heart (Wiggers). The flow in the coronary 
arteries practically ceases during the systole of the heart which 
can he looked upon as massaging the coronary circulation, the 
flow from the venous sinus being greatest at the beginning of 
systole (Anrop). 

As in muscles generally the flow is increased by exercise, by 
oxygen-want, and to a lesser extent by excess of carbon dioxide. 
In exercise it is calculated that the flow may amount to as much 
as 14 litres per minute. 

The flow varies according to the mean aortic blood-pressure. 
Anrep and Segall found that a rise of pressure from 50 to 130 mm. Jfg 
would cause a rise from 20 to 250 c.c. per minute in the denervated 
heart-lung preparation. As the cardiac output increases, so also 
does the cardiac flow when the cardiac nerves are intact 

The vessels are constricted hy stimulation of the vagi and 
dilated by sympathetic stimulation or by adrenaline. The muscle 
of the heart then appears in this respect to be little different from 
the voluntary muscles which it serves. 

The Cerebral Circulation. — The brain must always be supplied 
with blood, for otherwise immediate loss of consciousness would 
follow. Four arteries — two carotids and two vertebrals — are supplied 
to the brain, and these anastomose together in the circle of Willis. 
Two of the brain arteries can be tied in monkeys, and three or even 
all four in dogs, without the production of serious symptoms. In 

* It is doubtful if this figure holds for the intact animal although it is true of 
the heart-lung preparation. (Anrep.) 


r. o 
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tlio last case enough blood reaches tlio brain by brandies from 
the su])erior intercostal arteries to tlie anterior spinal artery. The 
sudden occlusion of both carotids causes loss of consciousness The 
large venous trunks or sinuses are formed so as to be scarcely 
capable of change of size, surrounded, as they ari^, by the tough tissue 
of the dura mater, and, in some instances, bounded on one side by 
the bony cranium. There are no valves between the vertebral veins 
and the vena cava, and hence any raising of the general venous 
pressure in the thorax or abdomen is communicated to the brain, 
a fact which no doubt contributes to the occurrence of cerebral 
hoemorrhage when straining at stool. 

Since the brain is enclosed in the rigid cranium, it uscmI to be 
thought that the quantity of blood must be the same at all times 
and that changes in the blood-llow must be dependent on the con- 
dition of vessels in other parts of the body. The arteries, however, 
have muscular walls and are supplied by nerves. 

In 1928 Forbes and AVollT, by introducing a window into the 
skull in order to maintain the normal environment of the vessels, 
were able to observe that the vessels contract when the cervical 
sympathetic is stimulated and dilate on stimulation of the central 
end of the vagus Indeed, the cerebral vessels have been shown to 
react to various procedures exactly as do the vessels elsewhere. 
The exact significance of these facts is not quite clear. It may be 
that when a local change in the vessels takes place there is com- 
pensatory change in other parts, or it may be that the cerebral fluid 
within the cranium may change appreciably in quantity. It seems 
possible that when one part of the brain is active, other parts of the 
brain become less active; indec'd, it is common experience that wo 
cannot use the whole of tlie brain at once. The physiology of 
attention may depend on these facts. Of interest in this respect 
is the interesting observation that the intravenous injection of 
hypertonic saline causes a distinct reduction of the volume of 
the brain. 

These experiments confirm the observation of Claude Bernard, 
who found an increase of brain temperature on section of the 
cervical sympathetic. Several workers, c.g. Cyon and later Wiggers, 
have demonstrated that the vessels are constricted by adrenaline. 

At the same time the cerebral circulation is profoundly influenced 
by the general blood -pressure. If this falls, the blood-flow 
through the brain may be so reduced that unconsciousness occurs, 
as in fainting, when the vessels of the body generally become 
dilated. 

It is not the volume of the blood so much as the velocity of its 
.flow which is altered in the brain by changes in the general circula- 
tion. If the aortic pressure rises and the vena cava pressure remains 
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constant, there is increased velocity of How. While if tlu^ aortic 
pressure remains constant and the vena cava pressure rises, tliere is 
diminished velocity of How. 

The brain presses against the cranial wall with a ])ressnre eipial 
to that in the cerebral capillaries. A foreign body introduced 
within the cranium, such as a blood-clot or depressed bone, produces 
local anamiia of the brain, by occupying the room of the blood. So 
soon as the capillaries are thus obliterated the pressure is raised to 
arterial pressure. The serious results that follow cerebral com- 
pression are primarily due to obliteration of the blood-vessels, and 
consequent amcmia of the brain. A very small foreign body wqll, 
if situated in the region of the bulb, produce the gravest symptoms, 
for it causes amcmia of tlie centres which control the vascular and 
respiratory s}'stems. The cerebral hemispheres may, on the other 
hand, be compressed to a largo extent without causing a fatal result. 
The major symptoms of compression arise as soon as any local 
increase of pressure is transmitted to the bulb and causes amcmia 
there. First the centres are stimulated, vasomotor, cardio-acauderator 
and cardio-inhibitory — in that order — and lahir they all are paral}'sed, 
together with the respiratory centre, and death results if the com- 
pression is not relieved. 

In Erectile Structures . — The instances of greatest variation in the quantity of 
blood contained, at different times, in the same organs, are found in certain 
stnictures which, under ordinary conditions, are soft and flaccid, but, at certain 
times, receive an unusually large quantity of blood, become distended and swollen 
by it, and pass into the state which lias been termed erection. Such structures are the 
corpora cavernosa penis and corjyus cavernosum urethrw in the male, and the clitoris 
in tlie female. The corpus cavernosum penis, which is the best example of an erectile 
structure, has an external fibrous mcniDrane or sheath ; and from the inner surface 
of the latter are prolonged numerous fine lamellae which divide its cavity into 
small compartments. Within these is situated the plexus of veins on which the 
peculiar erectile property of the organ mainly depends. It consists of short veins 
which very closely interlace and anastomose with eAch other in all directions, and 
admit of great variations of size, collapsing in the passive state of the organ, but 
capable or an amount of dilatation which exceeds beyond comparison that of the 
arteries and veins which convey the blood to and from them. The strong fibrous 
tissue lying in the intervals of the venous plexuses, and the external fibrous 
membrane or sheath with which it is connected, limit the distension of the vessels, 
and during the state of erection, give to the penis its condition of tension and firm- 
ness. The same general condition of vessels exists in the corpus cavernosum 
urethra?, but around the urethra the fibrous tissue is much weaker than around the 
body of the penis, and around the glans there is none. The venous blood is 
returned from the plexuses by comparatively small veins. For all these veins one 
condition is the same ; namely, that they are liable to the pressure of muscles when 
they leave the penis. The muscles chiefly concerned in this action are the erector 
penis and accelerator urinae. Erection results from the distension of the venous 
plexuses with blood. The principal exciting cause in the erection of the penis 
is nervous irritation, originating in the part itself, and derived reflexly from the 
brain and spinal cord. The nervous influence is communicated to the penis by the 
pudendal nerves, which ramify in its vascular tissue ; and after their division the 
penis is no longer capable of erection. 

Erection is not complete, nor maintained for any time except when, together 
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with the iiithix of blood, the imiscles mentioned contraet, and by compressing the 
veins, stop the eflliix of blood, or prevent it from being as great as the influx. 

The riteuldtion in the /jiinffs, /Jrer, Spleen, and Kidneya is described in our 
study of those organs. 


The Colour of the Skin. 

Since this is so important in disease and depends largely on the 
skin vessels it is included at this stage Several dilferent states are 
met with. 

1. The arterioles, capillaries, and venules may be constricted. 
This causes the skin to he pale and cold and occurs typically in 
liiemorrhage and in shock. A loss marked pallor occurs when there 
is a deficiency in hsemoglohin in the blood. 

2 The arterioles, capillaries, and venules may bo dilated. This 
causes the skin to he red and warm. ft occurs typically in 
inllammation and after irritation of the skin. 

3. The arterioles and venules may he dilated but the capillaries 
constricted. This causes a hot pale skin, which occurs sometimes in 
fevers and after loss of the nerve supply, since the capillaries but 
not the arteries may regain their tone 

4. The arterioles and venules may be constricted but the 
capillaries dilated. This causes a cold blue skin, since blood trapped 
in the skin capillaries loses its oxygon. It occurs in the 
extremities when exposed to severe cold and represents the attempt 
of the body to conserve heat. 

Whether the skin is blue or pink when the circulation is normal 
depends on the colour of the blood itself, and particularly on the 
amount of reduced haemoglobin in the arterial blood. When the 
total haemoglobin of the blood is low as in anaemia the patient is 
pale and even in mild asphyxial states does not become blue since 
the amount of reduced luemoglobin is not sufficient to produce this 
colour. 

Mottling of the skin is seen in many fevers and is considered to 
he duo to the patchy nature of the circulation. A mottling of 
the skin over the shins can bo produced by sitt.ing too close to an 
open lire. This is popularly known as “ Granny’s tartan.” 

The Response of the Skin to Mechanical Injury. 

If the skin in a normally unexposed part is stroked with a 
blunt object a white line is produced, but if the stimulus is just 
slightly more severe it is followed rapidly by a red line. The 
first is duo to mechanical stimulation and contraction of the 
ca])illaries and the second to the local production of a chemical 
substance (like histamine, Lewis). This is shown by the fact that 
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the duration of the? reddening is affected by the rate of (dreiilation 
through the part. In some persons with sensitive skins the reaction 
may be much more severe and actual wheals may he produced. 

Outside the area stroked appears a red Hare or Hush. This, 
since it is abohslied by nerve sce-tion or anicsthetisation, has been 
shown to depend on nervous reHieves. The comphjUi plienonuuion 
is called the triple response. 

The Magnitude and Variability of the Arterial Pressure. 

In view of the ease with which blood-pressure may ])0 detei 
mined and the practical importance of tlie subject, wo may now 
summarise the factors which determine and vary its magnitude. 

1. The Ferii)heral Resistance. — This may bo reduced by removal 
of the nervous control of the blood-vessels, or by tlie acTion of 
chemical substances. It is increased similarly by any means which 
constrict the peripheral vessels. 

2. The Elasticity of the Vessels. — No change occurs physio- 
logically but in disease and in old age the vessels may degenerate and 
become less extensible This leads to a high systolic hlood-tiressure. 

3. The Output of the Heart. — This in turn depends on : {a) tlie 
efficiency of the heart ; {h) the venous return. A marked reduction 
in either causes a fall of arterial pressure if severe but lesser degrees 
are compensated for by an increase in the peripheral resistance and 
a diminution in the capacity of tlie circulation. From the point of 
view of clinical medicine it is important to note that in slow heart 
failure the blood-pressure falls only towards the end. The factors 
which vary the venous return have already been discussed and may 
now bo summarised. They are: the amount of blood m the body, 
the capacity of the circulation especially of the veins and capillaries, 
the amount of blood reaching the veins from the arteries, the 
respiratory movements, and massage of the veins by movement. 

The Efficiency of the Circulation. 

Many attempts have been made to arrive at some standard by 
which the efficiency of the circulation may be measured, since failure 
of the circulation, especially of the heart, is a common concomitant 
of disease and limits capability for work. The difficulty is that 
muscular capability varies very much, and what may be strenuous 
exercise to one subject may be negligible to another. All such tests 
attempt to ascertain the tolerance of the heart to effort. The test 
of stepping on and off a stool is probably the most generally 
applicable test. This causes a moderate rise in the heart-rate but 
there is a rapid return to normal. If the heart does not return to 
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iionnal in I min. (i.c. docs not get rid of the increased venous 
pressure) the heart is prol)ahly inehicient. 

In the Koyal Air Fure.e the 40 mm. test is used. In this test the 
8uhj(}et after a deep breath blows (with his nose c]i])])cd) into a 
mereury manometer and maintains its level at 40. A fit subject 
should maintain this pressure for 52 seconds and show no change in 
blood-pressure or heart-rate until he reaches ‘‘ breaking point.” The 
tost IS pur(3ly arbitrary and is somewhat diflicnlt to analyse, as it 
involves respiratory as well as earculatory considerations. 

. The response to jiostnre may also be taken as an indication of 
circulatory efficiency (L. Hill). The more efficient the circulation 
the l(‘ss is the increa,s(3 of the heart-rat.e when a recumbent subject 
assunu‘s tlu' ereitt jiostuie. 
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CHAPTER XV 


THK BLOOD DEPnTS 

Tt has now hcc^oino c-huir that, all the blood in tho body is not 
in active (dvculation. Some is circulating slowly or may even 
be stagnant in certain parts. It is, however, readily available 
should necessity such as imposed by exercise or hicmorrhage 
demand. 

One of the most important depots is the skin. The pallor of 
the skin in illness and particularly in ha3morrhage, especially if 
tho Inemorrhage is internal, has an important diagnostic value. 
It is probable that practically all the organs of tho body participate 
with the possible exception of the brain, heart and muscles. Another 
important depot is the splanchnic region, including the liver, and 
according to some workers the lung can act in this way. 

As we have seen in relation to tho control of the circulation, 
it seems probable that a chief function of the general vasodilator 
rotlexes is the maintenance of the blood depots at adequate capacity. 
It would seem that the spleen has a special function as a depot 
and it is therefore considered separately. 

The Spleen is situated to the loft of tho stomach. It is of a 
deep red colour and of variable shape. Externally it is almost 
completely covered by a serous coat derived from the peritoneum, 
while within this is the proper fibrous coat or capsule of tho organ. 
The latter contains numerous elastic fibres and a large amount of 
unstriated muscular tissue. Prolonged from its inner surface are 
fibrous processes or trahcculcc, containing much unstriated muscle, 
which enter the interior of the organ, and, dividing and anastomosing 
in all parts, form a supporting framework in tho interstices of which 
the proper substance of the spleen (spleen-pulp) is contained. 

The spleen-pulp, which is of a dark red or reddish-brown colour, 
is composed chiefly of red and white cells in different stages of 
formation and destruction, embedded in a network formed of fibres, 
and the branchings of large nucleated colls. 

Vessels enter and leave the organ at a depression called the 
hilus. The endothelial cells of the capillaries become continuous 
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with those of the splenic network, an arrangement which readily 
allows corpuscles to be swept into the blood-stream. 

In a section of the spleen can be seen, usually with the 
naked eye, scattered, rounded whitish spots, f to mm. in diameter. 
These are the Malpighian corpuscles, and are situated on the sheaths 
of the minute splenic arteries. The structure of a Malpighian 
corpuscle is practically identical with that of a lymphoid nodule. 



h'lQ. 110.— Section of injected dog's .spleen, c, Cap.sule; tr, trabecula*. ; m, two Malpighian bodies with 
numerous small arteries and capillaries ; a, artery ; I, lymphoid tissue, consisting of closely packed 
lymphoid cells supported by very delicate retiform tissue ; a light space unoccupied by cells is seen 
all round the trabecula*, which corresponds to the ” lymph-path ” in lymphatic glands. (Schofield.) 


The spleen acts as a storehouse of blood (Barcroft). It has 
long been known that it contracts during gastric digestion. By 
use of the plethysmograph Schafer and Moore demonstrated that it 
could be made to contract by a large number of different procedures. 
Thus, if the splenic nerves are cut, the organ relaxes ; if, now, the 
peripheral ends are stimulated, it contracts. Apparently it is 
controlled by the vasomotor centre, since it contracts when the 
centre is stimulated by accumulation of carbon dioxide or by 
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sensory stimulation, or when any part of the efferent pathway from 
the centre to the spleen, e.g. the spinal cord, certain anterior nerve- 
roots and splanchnic nerves, is stimulated. In exercise also when 
the vasomotor centre and sympathetic nervous system generally 
are active the spleen is markedly reduced in size, as Barcroft has 



Fio. 111. — A record of blood-pressure and of spleen movements taken by tying threads to each 
/end of the spleen of a cat atid connecting them over pulleys to a lever Upward movement in 
the splenic tracing indicates contraction The record shows the contraction of the spleen 
caused by the intravenous injection of adrenaline The vagi were Intact and the rise of blood- 
pressure is not so large as it otherwise might have been (McDowall ) 

recently shown in the dog, by bringing the organ permanently to 
the surface, so that it may be observed under varying conditions 
A striking fact regarding the spleen is the surprising speed with 
which it may contract or relax (fig. 111). It may also exhibit 
spontaneous rhythmical changes in size. 

Some most ingenious methods have been used to observe its 
changes in the animal. For example, clips opaque to X-rays have 
been attached to its margins and it has also been exterioris^, i.e. it 
has been brought to the surface of the body with its blood and nerve 
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supply intact. It becomes fixed in this position, epithelium rapidly 
grows over it and no apparent discomfort is caused. Its contractions 
can then be observed (Barcroft and Stephens ; Hargis and Mann). 

±\t first sight it might seem that the amount of blood stored by 
the spleen is negligi])lo but it has been shown by Daly on a closed 
heart-lung preparation that quite small quantities of blood, e.g. 30 c.c., 
m^e quite large changes in the circulation rate as the cardiac output 
is much increased, e.g. by 500 c.c. per minute. Actually it has 
been calculated that contraction of the spleen can increase the 
blood volume by 10 to 12 per cent, and the blood count by about 
5 per cent. The blood expelled from the spleen is specially rich 
in htcmoglobin. 

In the body this reduction of spleen ca})acity is detracted from 
to some extent in exercise by the increased capacity of the active 
tissues, but it must be understood that the power of acting as a 
storehouse for blood is probably shared by a number of abdominal 
organs, e.g. the intestine and liver. For example, the exteriorised 
colon constricts in circumstances similar to those which affect the 
spleen. 

The circumstances which cause constriction in the unamesthetised 
animal are emotion, oxygen-want and conditions which cause general 
sympathetic excitement. 

Other Functions of the Spleen 

The peculiar structure of the spleen and its rhythmical con- 
tractions suggest, however, that in addition to being a blood depot 
it probably has functions in regard to the quality of the blood. 
It would appear that a given quantity of blood is held in the organ 
for a certain space of time and is thereby purified, or has added 
to it properties which are important. The spleen has been found 
to have the following additional functions : — 

(1) The spleen, like the lymphatic glands, is engaged in the 
formation of coloicrUss, Uood-corpuscles, for the blood of the splenic 
vein contains an unusually large proportion of lymphocytes. 

Eemoval of the spleen is not fatal; but after its removal 
there is an overgrowth of the lymphatic glands to make up for 
its absence. 

(2) It plays an important part in some animals, especially 
young, in the formation of red blood-corpuscles, and in these when 
the spleen is removed the red bone-marrow hypertrophies. 

(3) It also assists in the destruction of effete red blood- 
corpuscles and is therefore rich in lipides — cholesterol and lecithin — 
and in iron, of which it may be considered a storehouse. In some 
animals the organ is particularly rich in reticulo-endothelial cells. 



CH. XV.] 


OTHER FUNCTIONS OF THE SPLEEN 


213 


whicli as we sliall sec later lia\e a particular function in ruUling 
the blood of general debiis. 

(4) The spleen parti(5ii>ates in nitrogenous nietabolisin, especi- 
ally in the formation of uric acid (see Purine Metabolism). 

These functions do not appear to be particularly important in 
normal persons, for, as wo have seen, the spleen may be removed 
without any apparent harm to the subject. In disease, however, e.(j. 
malaria, in which it helps to di^al with the parasites, these functions 
of the sjileen become grossly deranged, and instead of being a 
comparatively insignificant organ, it becomes (mormons and is 
removed because of its huge size. 


HaBmolymph Glands. 

The existence of glands which partake of the nature both of the 
spleen and of lymphatic glands, has long been known. They have 
been fully investigated by Lewis. He finds them in most manimals, 
and they can be readily distinguished from ordinary lymphatic glands 
by their red colour. lie divides them into (1) ha'mal (jlaiuh, which arc 
characterised by the fact that the sinuses contain blood only; the 
spleen is in fact a large haimial gland , and (2) hccmal lymphatic 
glands, in which the sinuses are filled with a mixture of blood and 
lymph. 

The Control of the Blood Depots, including the Spleen. — It 

now seems proliable that the blood dep(Us are controlled primarily 
by the depressor reflexes from the carotid sinus and the arch of 
the aorta. When blood is needed for any purpose, c.g. for muscular 
exercise or in luemorrhage, these reflexes are reduced with the 
result that the depots constrict and their store is thrown into 
active circulation. In hamiorrhage the falls in arterial and cardiac 
output reduce the inhibitory im])ulses which pass up the carotid 
nerves at each heart-beat. 



214 


NOTES 


[CII. XV. 



ClI. \v.] 


NOTES 


215 



216 


NOTES 


[CH. XV. 



CHAPTER XVI 


THE LYMniATIC SYSTEM 

As tlio blood circulates tluough tlie capillaries, some of its liquid 
coustituciits filters throuf^h the thin walls of these vessels, carrying 
nutriment and oxygen to the tissue (iells. This exudation is called 
lymph or kssue, j! uni ; it receives from the tissues tlic products of~ 
tlieir activity, and is collected in the lyni])h cliannels, which converge 
to the thoracKi duct — tlie main lymphatic vessel — and thus once 
more enters the blood-stream at the junction of the left internal 
jugular and left suliclaviaii vein (fig. 112). There is a smaller duct 
on the riglit side 

Lymph is therefore a fluid, wldidi comes into much more intimate 
relationship with metaliolic processes in the tissues tlian tlie hlood. 

Lymphatic Vessels. 

The lymph is gathered up and carried liack again to the blood 
by a system of vc^ssels called lymphatics. 

The ])rincipal vessels of the lymphatic system are, in structure, 
like small thin-walled veins, jirovided witli numerous valves which 
give them a beaded appearance. They commence in fine microscopic 
lymph cap)illaTies, in the organs and tissues of the liody. Tlie fluid 
which they contain jiasses in one direction only from the fine 
branches to the trunk, and so to the large veins, on entering which 
it is mingled with the stream of blood. The lymphatic vessels of 
the intestinal canal are called ladcah, hecaiise during digestion (if 
the meal contains fat) the fluid contained in them resembles milk 
in appearance ; and the lymph in the lacteals during the period of 
digestion is called chyle. Chyle is lymph containing finely divided 
fat-globules. We shall see presently that in some part of its course 
the lymph-stream passes through lymphatic ylands. 

Origin of Lymph Capillaries. — The lymphatic capillaries com- 
mence most ccimmonly either {a) in closely-meshed networks (see 
fig. llo), or {h) in irregular lacunar spaces, lined by endothelium, 
between the various structures of which the difierent organs 
are composed. These spaces, according to some authors, freely 

* Some authors consider the tissue fluid and lymph to be separated by tlie 
wall of the lymph channels. (See below.) 
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communicate with the cell spaces of the tissues; but some hold 
that no such communication exists, and that the lymphatics are 
everywhere closed at their origins like the lacteals which originate 
as blind dilated lymph spaces in the villi of the small intestine (see 
Small Intestine). 

The structure of lymphatic capillaries is very similar to that 
of blood capillaries ; their walls consist of a single layer of elongated 


Thoracic ilticl. 


pcc.*pta<'uhim (cistcrnaj 


J lower 

iremiticK. 


Fio. 112.~Dlagram of the principal groups of lymphatic vessels. (From Quain.) 


endothelial cells with sinuous outline, which cohere along their edges 
to form a delicate membrane. They differ from blood capillaries 
mainly in their larger and very variable calibre, in the presence of 
valves, and, possibly, in their numerous communications with the 
spaces of the tissues. 

In certain parts of the body, stomata exist, by which lymphatic 
capillaries directly communicate with parts formerly supposed to 
be closed cavities. They have been found in many serous 
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membranes ; a serous cavity tlnis forms a lar^^o lymph-sinus or 
widenini:^ out of the lymph-capillary system witli wliicli it directly 
communicates. 



Fni 113 - 1 j\ iiii)lialics nf (•(‘iitral Vf rabbit’s diapliraKm, atauipil witli sihi-r nitratf' Tlu* 

slia(](‘(l b.K kj^umiui is composcil of bundli's of wliito hbii's, bt'twcon wbich tbn lymphatics lie 
{, Lymphatics lined by long nairow endothelial cells, and showing v \ahcs at freiiueiit intcivals. 
(Schofield ) 


Lymphatic Glands. 

Tiymphatic glands arc round or oval bodies varying in size 
from ahem])-seed to a bean, inter])oscd on tlie course of the lymphatic 
vessels, and through which the lymph passes in its course to ho 
discharged into the blood-vessels They are found in great numbers 
in the mesentery, and along the great vessels of the abdomen, thorax, 
and neck , in the axilla and groin ; a few in the popliteal space, and 
111 tlie arm as far down as the elbow. 

A lymphatic gland is covered (externally by a capsule of con- 
nective tissue, generally containing some unstriped muscle. At the 
inner side of the gland, the capsule sends inwards processes called 
trahcculcv in which the blood-vessels are contained, and these join 
with other processes prolonged from the inner surface of the 
part of the capsule covering the convex or outer part of the 
gland ; they have a structure similar to that of the capsule, 
and, entering the gland from all sides and freely communicating, 
form a fibrous scatfolding. The interior of the gland is seen on 
section, even when examined with the naked eye, to be made 
up of two parts, an outer or cortical, which is light coloured, 



220 


THE LYMPHATIC SYSTEM 


[CH. XYI. 


and an inner or mcdiiJlary portion of rodder a|)])earance (fig. 
114). In tlio outer ])art, or eortex, of the gland the intervals 
l)etween the traljeeula; are large and regular ; they are termed 
alveoli; whilst in the more central or medullary part is a 
finer mesliwork formed by an irregular anastomosis of the 
trabecular ])roeesses. Within the alveoli of the cortex and in the 
meshwork formed by the tral)ecuhe in tlie medulla, is contained 
lymphoid tissue; this occupies the central part of each alveolus; 
but at the [)cri])hery, surrounding the central portion and immediately 



next the capsule and trabecuhu, is a more o])eu meshwork of retiform 
tissue constituting the lymjdi-path, and containing but few lymph- 
corpuscles. At the inner part of the alveolus, the central mass 
divides into two or more smaller rounded or cord-like masses which, 
joining witli those from the other alveoli, form a much closer 
arrangement than in the cortex; spaces (fig. 115 h) are left within 
these anastomosing cords, in which are found portions of the 
trabecular meshwork and the continuation of the lymph-path. 

The lymph enters the gland by several allerent vessels, which 
pierce the capsule and open into the lymph-path ; at the same time 
they lay aside all their coats except the endothelial lining, which is 
continuous with the lining of the lymph-path. The efferent vessels 
begin in the medullary part of the gland, and are continuous with 
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the lynipli-piitli liere ms the afferent vessels au'. witli the cortical 
portion. 

The efferent vessels h‘av(} the inland at the and cither at 

once, or very soon after, join to^^ether to form a siipu^le vessel. 

Blood-vessels wliKih enter and 
leave the gland at the hilus are 
freely distrihnted to the trahecn- 
lar and lymphoid tissues 

Formation of Lymph. 

Carl Jiiidwig taught that the 
lymph Ilow is conditioned hy 
two factors: lirst, ddferenci's in 
the pressure of the hlood in tlui 
eatiillaries and of the tluid in the 
tissue spaces, giving rise to a 
Jiltration of lluid through tlii^ 
capillary walls , and si'coiidly, 
chemical dilforcnces between 
these two lluids, setting up 
osmotic interchanges through the 
wall of the blood-vessel. (See 
Physical Chemistry later.) 

In support of this mechani- 
cal theory, various workers in 
Ludwig’s laboratory showed that 
increased cajnllary pressure due 
to obstruction of the venous 
outliow increases the amount of 
lymph formed ; and that diminu- 
tion of the pressure in the lymph 
spaces, by squeezing out the lymph previously contained in them, 
leads to an increase m the transudation. These experiments have 
been amply conlirmed by Bolton, Drinker and Field, but at the 
same time the increased lympli due to venous stasis is not wholly 
a matter of the internal pressure, for the increased How continues 
for some time after the veins are ndcased. Lymph How then does 
depend always on the blood pressure 

As first pointed out liy Starling, the relative osmotic powers of 
the blood and the tissues are concerned and also the permealality of 
the capillary walls which is no longer looked upon as fixed. 

The sections on osmosis and tiltration may he read at this })oint. 

Many of the substances calleil hy Heideiihain lymphagogucs, 
whicli increase the flow of lyiiqih, act tiy aftecting mdirectly the 



Flo Ilf) A small portion of inoilullary aubaiaiioo 
from a m<‘S<‘iitfri<‘ gland of th*‘ ox d, d, Tralxs'- 
ul.i‘, (f, jiartof a oord of lyrnplioid tibsiic from 
nliiL'li all but a fi‘W of thu lymph-corpuscb's 
ba\(> been washod out to show its suppoitiiig 
iiusliwork of ivtifoim tissm* and its lapillary 
blood-Nossols (wldch bavo bum iiijoctcd, and 
aro dark in th« ligiiro); b, }>, lympb-patli, of 
wbu’h tho rctiforrn tissuo is rcpri'scntcd only 
at c, c A 300 (Kollikcr ) 
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osiiioiic or (‘;i])il]ar}^ pr(‘s.sui(^ aiid tli(^ of llu! ('ii])ilJary 

walls (I)i iiik('L‘, l'’i(‘I(l, lions, HikI.H'Ii, M('l\lasl(‘r) 1 ftadiailiaiii 
jiiia,oiii(!d that lli(‘ 1\ iiij»liaij,oou(;s anlrd l»y sl-imul.il iiii; 1 liiMMidot ladial 
(•ells to acliviiy. 

The lluw of lymph may therefore he increased in throe ways : — 

1. r>y increasiiij^ the iiitracapillary pressure. This may he done 
locally by ohstriKitnij^ thii venous return from a ])art and is tlu^ most 
cHe(hive way of incieasiiio the lymph llow\ It m;iy also be imavasod 
by injecting a large amount of llnul into the circulation, or by the 
injection of such substances as sugar and salt (ITeidenhain’s second 
class of lymphagogucs) into the blood. These attract water from the 
tissues into the blood, ami thus increase the volume of the circulating 
huid and raise the intracapillary pressure. 

The raising of the arUuaal pressure has mucT l(‘ss (dfect than 
might 1)0 anticipated unless the capillaries aie very freely permeable. 
It is possi])lo that vasomotor changes, c<j arteriolar dilatation winch 
increases (“apillary jircssuro, might cause an imu'easi'd tlow, but the 
evidenc.e available suggests that the el’fcct on ]KU’m('ability produced 
at the same time predominates 

2. By increasing the permeability of the capillary wall by injuring 
its vitality. This may be done locally by scalding a jiart; or 
generally, by injecting certain poisonous substances, such as peptone, 
leech extract, decoction of mussels, etc (lleidenhain’s first class of 
lymphagogiies). These act chiefly on the liver capillaries; curare 
acts chiefly on tlie limb capillaries. In dropsy duo to impaired 
venous return, it has been shown by Bolton that the diminished 
vitality of the capillary walls due to lack of oxygen is quite as 
important as the increased capillary pressure, since when for 
example the inferior vena cava is ligatured the onset of oedeina is 
not immediate, but when once established continues for an appreciable 
time after the ligature has been removed. Mild degrees of this 
oedema may appear in the feet of normal persons if they stand for 
a long time and be sufficient to make the shoes feel tight. In this 
case there has been an increased capillary pressure produced as 
a result of an inefficient return of venous blood. 

An increased permeability is sometimes produced as a result of 
generalised vasodilatation of a part, ey. from section of its nerves. 
It is possible then that the increased How of lymph produced by 
acetyl-eholine may ix'cur in this way. 

o. By increasing the osmotic pressure of the tissues. When the 
activity of the tissues increases, the products of metabolism raise 
the osmotic pressure of the tissue fluids because large molecules 
become broken down to smaller and consequently more water is 
attracted out of the blood. Here we may have the explanation of the 
stiffness which follows unaccustomed exercise. The muscles become 
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swollen and ])ainfid as a n'snll- of ine.nvised t('nsion, (hu‘, to their 
taking U]) llnid from the hlood The host euio foi* suoli stitfin^ss is 
tlien'fove more exiecMse l.o s([U(‘e/e out the flnnl 

Lymph formation is thus mainly inlluenccd by the physical 
conditions present, and the action of such thin cells as those of the 
capillary wall cannot be snfhciently ^rcat to counteract entirely 
these conditions; at the same time it is impossible to J.i^ny that 
there may be some such action as may be described Lf^the terms 
“selective” or “secretory,” at least in some re<;ionsX The question 
is closely related to that of absorption from the alimentary canal, 
and we shall lind in studyini; that subject that there has been a 
similar ddferonce of opinion, but that recent research has confirmed 
the theory of selective activity of the absorptive epithelium. It has 
to be borne in mind, however, that the columnar epithelial cells 
lining the intestine are very different from the thin endothelial 
membrane which forms the capillary wall. 

Fischer has advanced a theory of dropsy or a?dcma. He believes that circulatory 
conditions are of minor importance, but that the mam factor leading to transudation 
of water into the tissues is to be found m the tissues themselves. He finds that 
colloids imbibe more water from an acid solution than under other conditions. He 
therefore believes that it is the accumulation of acid products (such as lactic acid) 
in the tissues that determines their increased allinity for water, and thus they 
attract it out of the blood. This would still further increase the effect of increased 
permeability. 


The Lymph-Plow. 

TJic flow of lynijili may ])o middy shown if a suitable dye is 

injected into the foot of an amcsthetised animal, tlie hair of whose 

leg has been removed by a dejulatory. The dye is seen to move 
slowly up the superficial lymphatics ((filding) In severe infections 
of the hand the lymphati(%s of the arm of man become inflamed 
and visible. 

The flow depends essentially on the agencies which cause 
the formation of the lymph. Towards tlie point of its discharge 
into the veins the flow is assisted furtlua*. With the help of the 
valvular mechanism all occasional pressure on the exterior of the 
lymphatic and lacteal vessels propels tlie lymph onward; thus 
muscular and other external pressure accelerates the flow of the 
lymph as it does that of the blood in flic veins. The action of the 

muscle-fibres of the small intestine, and the layer of unstriped 

muscle present in each intestinal villus, assists in propelling the chyle ; 
ill the small intestine of many animals the chyle has been seen 
moving with intermittent propulsions that correspond with the peri- 
staltic movements of the intestine. For the general propulsion of 
the lymph and chyle, it is probable that, in addition to external 



224 


THE LYMPHATIC SYSTEM 


[CH. XVI. 


pressure, some of tJie forc-c is dcrivod from the euntractility of the 
vessels’ own walls Th(i respiratory movements, also, favour the 
current of lym])h through the thoracic dmd as they do the current 
of blood in the thoracic veins. 

Relation of Lymph and Blood. 

The volume of blood in the liody remains remarkably constant. 
If the amount is increased by injection of lluids, its specific gravity 
is at first lessened, but in a short time, often in a few minutes, it 
returns to the normal. The excess of fluid is got nd of in two ways ; 
(1) by the kidneys, which secrete profusely, and (2) by the tissues, 
which become more wateiy in consequence. After the renal arteries 
are ligatured, and the kidney is consequently thrown out of action, 
the excess of water ])asses only into the tissues 

On the other hand, a deficiency of blood (for instaii(;e, after 
lucmoirhage) is soon remedied by a transfer of water from the 
tissues to the blood through the intermediation of the lymph. This 
may be looked upon as Ixung brought about ))y the fall in the normal 
liltration pressure in the capillaries. 

It may, in severe luemorrhage, be desirable to transfuse l)lood 
from another person or to provide a blood substituU^. Several pre- 
cautions have, however, to be taken in sucli cirmimstances (see lUood 
Substitutes). 


The Renewal of the Tissue Fluid. 

The fluid of the tissues is of (‘.ourse of the same general com- 
position as lyinpb although it may vary in different regions During 
the everi'ise of a muscle or use of a tissue it is evident that the 
lymph flow is sutlicient to renew this fluid but during rest the flow 
IS \ery small. Evidence is accumulating (Landis) that there may 
b(‘., as wa4l as the lymph flow, a renewal of lymph by absorption. 
It is sugg(‘sted that at the arterial end of tlie capillaries filtration 
IS excessive, while at the venous end where the capillary pressure 
is lower by 20 mm. the increased osmotic pressure of the blood caustjs 
a withdrawal of fluid from the tissues. The formation of lymph 
becomes somewhat like the formation of urine. 

Composition of Lymph. 

From what has been said regarding its formation hmph is like 
blood-plasma in composition, but diluted so far as its protein con- 
stituents are concerned. This is due to the fact that proteins do 
not pass readily through membranes. The salts are similar to 
those of blood-plasma, and are present in about the same proportions. 
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Chlorides, however, are more abundant in lymph tlian in blood. 
The waste products, such as carbonic acid and urea, are also more 
abundant 

Lymph is alkaline to litmus; its specilic gravity is about 1015, 
and after it leaves the vessels it clots, forming a colourless coagulum 
of fibrin. 

The degree of (dotting depends on the amount of protein present. 
In the eas(^ of inflammatory lymphatic exudates as in pleurisy, 
there the (^.apillaries have become excessivedy permeable to protein. 
Liv(u* lymph is richer in protein than lymph from the limbs. 

When examined with the microscope the transparent lymph is 
found to contain corpuscles, which are called lymphocytes ; these 
are cells with large nuclei and comparatively little protoplasm.- 
They pass with the lymph into the blood, and constitute there one 
of the varieties of colourless blood corpuscles. They are added to 
the lymph wherever it passes through lymphoid tissue, e g. lymphatic 
glands, tonsils, etc. 

The Reservoir Function of the Tissue Spaces. 

As has been indicated above, the fluid in the tissue spaces is 
very mobile and de})ends largely on the capillary ])ressure and the 
osmotic pressure of the blood. When the capillary ])ressurc falls, 
as in haiinorrhage, more fluid returns to the blood. This occurs 
too if the osmotic pressure of the blood is raised by loss of fluid 
in sweating or severe diarrluea. 

If the osmotic pressure is lowered by the intake of fluid, the 
tissue fluid, especially of the liver and muscles, is increased. 

It must be realivsed that most of the factors which alfect the 
formation of tissue fluid influences the production of many other 
l)ody fluids in the same way, e.g the formation of urine, sweat, 
digestive secretions. All are iullucnccd by the osmotic pn‘ssurc 
and the hydrostatic pressure of the blood in oppijsite directions. 
(See Osmotic Pressure.) 
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KESPIRATION 

Tup: term respiration in its wide sense iimliides all tlio processes and 
median isms bj whicli the tissues of the liody take up oxygen and got 
rid of carlion dioxide. The tissues are brought into relationship with 
the outside world indirectly by means of the blood which transports 
the gases, and in order to elfect the exchange of gases rapidly the 
blood IS spread out in a very thin but extensive layer, where it 
comes almost immediately into contact with the air, being separated 
only by a thin membrane. In order to provide the large area needed 
there has been evolved in many animals two specialised organs, lungs, 
in which the air is changed periodically by the mechanism of 
breathing. In fishes, the gills in contact with the water have a 
similar function. It is to bo understood that the lungs are not in 
any manner tlie seat of any special combustion processes. Those 
processes take place in the tissues themselves. 


The Respiratory Apparatus. 

The respiratory apparatus consists of a pair of lungs and the 
air-passages which lead to them. 

The Licngs are contained in the chest or thorax, which is a closed 
cavity having no communication with the outside except the trachea 
or windpipe. 

The Larynx is at the upper end of the trachea, and will be 
described in connection with the voice. 

The Trachea and Bronchi . — The trachea is essentially a tube of 
fibro-elastic membrane, within the layers of which is embedded a 
series of cartilaginous rings. These rings extend only around the 
front and sides of the trachea (about two-thirds of its circumference) 
and are deficient behind; the interval between their posterior 
extremities is bridged over by a continuation of the fibrous membrane 
in which they are enclosed and by a layer of unstriped muscle. The 
rings are of great value in maintaining the patency of the windpipe. 
The inner surface of the trachea is lined with ciliated epithelium ; 
this, together with the basement membrane on which it rests, 
and a deeper layer of loose connective tissue, forms its mucous 
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membrane. Opening on to the surface of the latter are the ducts 
of underlying mucous glands. 

The two bronchi into which the tracliea divides, resemble the 

trachea in structure, with the 
them there is a 

I I distinct layer of unstriped muscle 

Q (ft ^ X arranged circularly beneath the 

11/ wf V mucous membrane and forming 

\i ‘ f ^ muscularis maicoscn. 

J f y The bronchi divide into many 

^ \ A branches the largest of which have 

5 walls formed of fibrous tissue, con- 




' ^ m m m ^ 

" Fio 117 -Ciliatod ^‘piUiohum fioiii 
rabbit’s trachea (Schafer), ml, 
w’-, ml, niDous secretniK cells in 
\anous stages of iimein forma- 
tion, lying between the ciliated 
cells 


taining iiortions of cartilaginous 
rings and unstriped muscle-fibres, 
as well as longitudinal bundles of 
^ elastic tissue. They are lined by 
mucous membrane the surface of 
which, Uke that of the trachea, is 

and t', inferior cornu of the thyroid carti- COVered With Ciliated epithelium 

lage; c, middle of the cricoid cartilage; j -ij *^.1 

tr, the trachea, showing sixteen cartila- (hg. llo) anCl prOVlfleu With mUCOUS 

ngM glands which secrete phlegm. The 

usuar^'Siien ThoSso^u ) latter is worked up to the larynx 

by the ciliated epithelium where 
it may be coughed up and swallowed. In inflammation of the 
respiratory passages this secretion becomes greatly increased. 

When the bronchial tubes or bronchioles, by successive 
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branchings, are reduced to about an inch (0 6 mm.) in 

diameter they gradually lose their cartilaginous element until it 
disappears altogether, and tlieir walls are formed only of a librous- 
elastic membrane with circular muscle-tibres ; they are still lined 



with ciliated epithelium, hut the cells bearing the cilia are now 
cubical, while the muscle-fibres are relatively more abundant and 
form a distinct circular coat. This muscle is caused to contract by 
the vagus nerve and is dilated by the sympathetic and by adrenaline, 
which is extensively used, therefore, to relieve the bronchial con- 
striction in asthma. 

The Lungs and Fleur x . — Each lung is enveloped by a serous 
membrane — the pleura, one layer of which adheres closely to its 
surface, and provides it with its smooth and slippery covering, while 
the other adheres to the inner surface of the chest-wall. The con- 
tinuity of the two layers at the base of the lungs forms a closed sac, 
which the lungs fill completely. There is no actual space. The 
pleura which covers the lung {visceral layer) and that whicli lines tlie 
inner surface of the chest (parietal layer) are, in health, everywhere 
in contact one with the other; and between them is only just so 
much fluid as will ensure the lungs gliding easily, in their expansion 
and retraction, on the inner surface of the parietal layer, which lines 
the chest-wall. 

If, however, an opening is made so as to permit air or fluid to 
enter the pleural sac, the lung, in virtue of its elasticity, recoils, and 
a considerable space is left between it and the chest-wall. In other 
words, the natural elasticity of the lungs would cause them at all 
times to contract away from the ribs were it not that the contraction 
is resisted by atmospheric pressure which bears only on the inner 
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surface of the air- tubes and air-sacs. On the admission of air into 
the pleural sac, atmospheric pressure bears alike on the inner and 
outer surfaces of the lung, and its elastic recoil is no longer 
I)ro vented. 

Each lung is partially subdivided into separate portions called 
lohes ; the right lung into three lobes, and the left into two. Each 
of these lobes, again, is composed of a large number of minute parts, 
called lobules. 

On entering a lobule, the small bronchial tube divides and sub- 
divides (fig. 110); its walls at the same time become thinner and 



Fkj 119 — Diagiain to show tho gonoral aiiaiigomoiit in a piece of lung. 
(McDowall modili'-d from Miller ) 


thinner, until at length they are formed only of a thin membrane of 
areolar, muscular, and elastic tissue, lined by a layer of pavement 
epithelium not provided with cilia. Eventually the muscle tissue 
disappears and the walls become pouched-out irregularly into small 
saccular dilatations, called alveoli (see fig. 119). The funnel-shaped 
terminal branch of the bronchial tube, with its group of alveoli, is 
called an infundibulum. The alveoli are of various forms, according to 
the mutual pressure to which they are subject ; their walls are nearly 
in contact, and they vary from 0’5 to 0*3 mm. in diameter. Their 
walls are formed of fine membrane, like those of the intercellular 
passage. They are lined by a layer of pavement epithelium (fig. 120). 
Outside the alveoli a network of pulmonary capillaries is 
spread out so densely (fig. 67, p. 116) that the interspaces or meshes 
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are even narrower than the vessels. Between the air in the lun^s 
and the blood in these vessels nothing intervenes hut the thin walls 
of the alveoli and of the capillaries; and the exposure of the blood 
to the air is the more complete, because the folds of membrane 
between contiguous alveoli, and often the spaces between the walls 
of each, contain only a single layer of cat)illaries, both sides of 
which are thus at once exjiosed to the air. 



Flu 120.— Sf'ction of lung staiiiod with aiUcr nitrato A T) , aUoolar duct or mtorcidlular passage; 
S, al \ polar septa , N, alveoli or air-sacs, lined with large Hat cells, with some smalh'r pol>liedral 
colls ; M, plain muscle-fibres surrounding the aheolar duct (Klein and Noble Smith ) 


Blood-supjoly . — The lungs receive blood from two sources : (ti) the 
pulmonary artery, (h) the bronchial arteries. Tlie former conveys 
venous blood to the lungs to be arterial') sed. The branches of tlie 
bronchial arteries convey arterial blood from the aorta for the 
nutrition of the walls of the bronchi, vessels, interlobular connective 
tissue, etc. ; the blood of the bronchial vessels is returned chiefly 
through the bronchial and partly through the pulmonary veins. 


The Respiratory Mechanism. 

Respiration consists of the alternate expansion and contraction of 
the thorax, by means of which air is drawn into or expelled from the 
lungs. These acts are called Insinration and Expiration respectively. 

For inspiration a movement of the side- walls and floor of the 
chest takes place, so that the capacity of the interior is enlarged. 
By such increase of capacity there will be a diminution of the 

H 2 
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pressure of the air iu the lungs, and a fresh quantity will enter 
througli the trachea to equalise the i)ressun; on the inside and 
outside of tlie chest. 

For cx])iration tlio opposite niovenient diniinislies tlie ca^iacity of 
tlie cliest; tlie ])ressuro in tlic interior will be thus incieased, and air 
will he expelled, until the pressures within and without the chest 
are again equal. In both cases the air passes through the trachea, 
there being no other communication with the exterior of the body , 
and the lung remains, under all conditions, closely in contact with 
the walls and floor of the chest. The movements of the lungs are 
therefore passive, not active, and depend on the changes of shape 
of the closed cavity in which they are contained. A perforation of 
the chest-wall would mean that the lung on that side would no longer 
ho of use ; a similar injury on the other side (double pneumothorax) 
would cause death. If the two layers of the pleura were adherent, 
those portions of the lung would be expanded most where the move- 
ments of the chest are greatest. The existence of the two separate 
layers j^reveiits this, and thus the lung is ©(jually expanded throughout. 

Keith believes that the expansion of the lung during inspiration does not occur 
simultaneously at every point but resembles rather the opening of a Japanese fan. 
First the anterior borders and the part in contact with the diaphragm expand 
followed successively by the apex, vertebral border, and region of the root. 

Inspiration — This is a muscular act, the inspiratory muscles 
increase the size of the chest-cavity in all its diameters. 

The vertical diameter is increased by the eontraction and 
consequent descent of the diaphragm; at rest, the diaphragm is 
dome-shaped with the convexity upwards ; the central tendon forms 
a slight depression in the middle of this dome. On contraction the 
miiscle-librcs shorten, and so the convexity of the double dome is 
lessened. The central tendon is drawn down a certain distance, but 
the chief movement is at the sides. For the effective action of this 
muscle, its attachment to the lower ribs is kept fixed by the 
contraction of the quadratus lumborum. The diaphragm is supplied 
by the i^lirenic nerves, which arise chiefly from the 4th cervical 
segment of the spinal cord. 

The increase in the lateral and antero-posterior diameters of the 
chest is eftected by the raising of the ribs, the upper ones being fixed 
by the scaleiii. The greater number of the ribs is attached very 
obliquely to the spine or vertebral column, and sternum. 

The elevation of the ribs takes place both in front and at the 
sides — the hinder ends being prevented from performing any upward 
movement by their attachment to the spine. The movement of the 
front extremities of the ribs is of necessity accompanied by an upward 
and forward movement of the sternum to which they are attached, 
the movement being greater at its lower than at its upper end. 
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The muscles by wliich the ribs are raised, in ordinary quiet 
inspiration, are the external interrodah, and tliat portion of the 
internal infercostals wliicli is situated between the costal cartilages , 
and these are assisted by the levatores costanun, and the serratus 
posterior superior. 

In extraordinary or forced inspiration, additional muscles are 
pressed into service, such as the sternocleidomastoid, tlie serratus 
magnus, the pectorales, and the trapezius. Laryngeal and face 
muscles also come into jjlay. 

The expansion of the chest in inspiration presents some peculi- 
arities in different persons. In young cliildren, it is elfectcd chiefly 
by the diaphragm. The movement of the abdominal walls being here 
more manifest than that of any other part, it is usual to call this the 
abdominal type of respiration. In men, together with the descent of 
the diaphragm and the pushing forward of the front wall of the 
abdomen, the chest and the sternum are subject to a wide movement 
in inspiration {inferior costal type). In women, the movement 
appears less extensive in the lower, and more so in the upper, part of 
the chest (superior costal type). 

Expiration. — From the enlargement produced in inspiration, the 
chest and lungs return, in ordinary tranquil expiration, by their 
elasticity to their previous condition; the force employed by the 
inspiratory muscles in distending the chest and overcoming the 
elastic resistance of the lungs and chest-walls, is returned as an 
expiratory effort when the muscles arc relaxed. This elastic recoil 
of the chest and lungs is sufficient, in ordinary quiet breathing, to 
expel air from the lungs in the intervals of inspiration, and no 
muscular power is required. In all voluntary expiratory efforts, 
however, as in speaking, singing, blowing, and the like, and in many 
involuntary actions also, as sneezing, coughing, etc., something more 
than merely passive elastic power is necessary, and the proper 
expiratory muscles are brought into action. The chief of these are 
the abdominal muscles, which, by pressing on the viscera of tlie 
abdomen, push up the floor of the chest formed by the diaphragm, 
and by thus making pressure on the lungs, expel air from them 
through the trachea and larynx. All muscles, however, which 
depress the ribs, must act also as muscles of expiration, and we must 
conclude that the abdominal muscles are assisted in their action by 
the interosseous part of the internal intercostals, the triangularis sterni, 
and perhaps the serratus posterior inferior. When by the efforts of 
the expiratory muscles, the chest has been squeezed to less than 
its average size, it again, on relaxation of the muscles, returns to 
the normal dimensions by virtue of its elasticity. The construction 
of the chest-walls, therefore, admirably adapts them for recoiling 
against and resisting undue contraction as well as undue dilatation. 
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Graphic Record of Respiratory Movements. 

Among numerous methods which have been described for record- 
ing the respiratory movements the simplest in the human subject, 
especially if he be a patient in bed, is to fasten a bandage loosely round 
the chest. Between the bandage and the chest-wall a flexible hollow 
rubber ball is placed. This ball or a tambour communicates by a 
rubber tube with a recording tambour. All such appliances are called 
Stethographs. 



Fio 121.— Recoid showniK normal re«i»iratioii at A, tho effect of over-ventilation at B, the gradual 
return to normal at 0 during which slight Cheyno-Stokes respiration is seen. Pieces of tracing 
wore cut out at 1 and at 2 to facilitate roiiroductiou. (Wilkinson ) 

It is possible to record the diaphragmatic movements in animals 
by the insertion of an elastic bag connected with a tambour into the 
abdomen below the diaphragm, by the insertion of needles into 
different parts of its structure, or by recording the contraction of 
isolated strips of the diaphragm. Such a strip attached in the 
rabbit to the xiphisternal cartilage may be detached, and attached 
by a thread to a recording lever ; this strip serves as a sample of the 
diaphragm. 

Such methods, however, merely measure the rate of breatliing 
and give a rough idea of its depth. The actual quantity of air 
which enters and leaves the lungs is measured by a modified 
gasometer {spirometer) (fig. 122) into which the experimenter 
breathes. 

The variations of intrapleural pressure may be recorded by the 
introduction of a cannula into the pleural cavity, which is connected 
with a water manometer. 

The act of inspiring air, especially in women and children, is a 
little shorter than that of expelling it, and there is commonly a very 
slight pause between the end of expiration and the beginning of the 
next inspiration. 

If the ear is placed in contact with the wall of the chest, or is 
separated from it only by a good conductor of sound or stethoscope, 
a respiratory murmur or breath sound is heard chiefly during 
inspiration. This sound varies somewhat in different parts — being 
loudest or coarsest in the neighbourhood of the trachea and large 
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bronclii (tracheal and broncliial breathing), and fading off into a 
faint sighing as the ear is .placed at a distance from these (vesi- 
cular breathing). It is best heard in children, and in them a 
more marked murmur is heard in expiration. The cause of the 
vesicular murmur has received various explanations; but most 
observers hold that the sound is produced by the air passing through 
the glottis and larger tubes, and that this sound is modified in its 
conduction through the substance of the lung. The alterations in 
the normal breath sounds, and the various additions to them that 
occur in different diseased conditions, can be properly studied only 
at the bedside. 



Fio 122 — TliP Hutchinson spirometer. Tho weight W is to balance the weight of the cylinder C 


During the action of tho muscles which directly draw air into 
the chest, those which guard the opening through which it enters are 
not passive. In hurried breathing the instinctive dilatation of the 
nostrils is well seen, although under ordinary conditions it may 
not be noticeable. In many people the rima glottidis, or interval 
between the true vocal cords of the larynx, is slightly dilated at 
each inspiration for the more ready passage of air, and becomes 
smaller at each expiration; its condition, therefore, corresponds 
during respiration with that of tho walls of the chest. There is a 
further likeness between the two acts in that, in ordinary circum- 
stances, the dilatation of the rima glottidis is a muscular act and its 
narrowing chiefly an elastic recoil. 

Quantities of Air Breathed. — Measurements of these quantities 
are made by means of the spirometer. The apparatus is illustrated 
and is seen to consist of a light metal bell (C), which is balanced 
by a counterweight (W), and which can move freely in a water- 
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container. The subject breathes into the tube (T). Several 
inodilications of this apparatus have been made, notably Krogh’s 
recordin g sp iroi r i e ter. 

Tidal air is the quantity which is habitually and almost uniformly 
changed in each act of breathing. In a healthy adult man it averages 
about 500 C.C., or rather more than 30 cubic inches (Haldane). This 
will be expamlcd at body temperature to 600 c.c. Tliis amount of 
air is not sullicient to till the lungs. Haldane gives the capacity of 
the upper air-passages and bronchial tubes as 200 c.c., and therefore 
about a third of the tidal air is required to till this dead siiacc. At 
the end of an expiration, however, the tubes and alveoli are not 
empty of air, and the sudden inrush of atmospheric air during 
the next inspiration effects a complete mixture of this air with 
that left in the air-passages; the air in the axial stream of the 
current will penetrate as far as the alveoli, but what is sucked into 
the alveoli is mainly some of the mixture fiom the bronchial passages, 
and that in turn is derived from the mixture (containing more atmos- 
pheric air in proportion) in the upper air-cavities. During expiration 
the air which leaves the lungs will come in part from the alveoli, but 
the effect of the stream of outgoing air is mainly as before, to effect a 
thorough admixture of the air in the intermediate air-passages ; thus 
the alveolar air will become mixed with that in the bronchial tubes, 
which in turn will be mixed with that in the upper air-chambers. 
In a succession of alternate ordinary inspirations and expirations 
adequate ventilation is secured, but obviously the composition of the 
exinred air is not the same as that of alveolar air, for the latter, 
though it is ultimately breathed out, is diluted on its upward journey 
by mixture with the bronchial air, and that in its turn with the air 
of the upper air-chambers ; in other words, the expired air is alveolar 
air (rich in carbon dioxide) diluted with bronchial air (richer in 
oxygen) and with atmospheric air (still richer in oxygen). 

Com,plemental air is the quantity over and above the tidal air 
which can be drawn into the lungs in the deepest inspiration ; its 
amount averages 100 cubic inches (1600 cc.). 

Reserve or supplemental air . — After an ordinary expiration, such 
as that whicli expels the tidal air, a further quantity of air, about 100 
cubic inches (1600 c.c.) can be expelled by a forcible deep expiration. 
This is termed reserve or supplemental air. The last portion of the 
air thus expelled will consist of air from the alveoli. 

Residual air is the quantity which still remains in the lungs 
after the most violent expiratory effort. Its amount depends in great 
measure on the absolute size of the chest, but may be estimated at 
about 100 cubic inches (1600 c.c.). Methods of determining the 
quantity of residual air are described later. 

Vital Capacity. — The vital capacity of the chest is indicated by 
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the quantity of air which a person can expel from his lungs by a 
forcible expiration after the deepest inspiration possible. The 
Eoyal Air Force requires a vital capacity of at least 3800 cc. but 
figures up to 10,000 have ])een known. It is tlie sum of the 
complemental, tidal, and supplemental air. This determination is 
commonly made in medical ])ractice, since in disi^ased states, gjj. 
cardiac disease, the vital capacity may be niiieli reduced. 

The vital capacity is also reduced at high altitudes and in exercise 
Verzar, who has studied this problem, lias found that any form of 
oxygen-want increases the total volume of the lungs and he concludes 
that this results in a greater lung surface being available to the 
blood and that the increased volume is the result of an increase in 
the residual air. 

Total ventilation .— is the quantity of air which passes in 
and out of the respiratory system per minute. Jt is normally 
5 to 10 litres in the adult, it rises to 100 litres per minute after 
severe exercise. 

The alveolar veniilation is the product of the amount of inspired 
air which reaches the alveoli per respiration, and the respiration-rate. 

To achieve the same result in alveolar respiration a shallow 
breather must breathe more often and pass more total air into his 
respiratory system than the deep breather. The shallow breather, 
moreover, retains half of each breath in the dead space, instead of a 
quarter, and the air here is ineirectual so far as gaseous exchange is 
concerned. 

The capacity of the lungs is determined by filling a spirometer 
with air and a known volume of some insoluble and inert gas such as 
hydrogen. The subject after making a maximal expiration as in the 
estimation of vital capacity, follows it by a couple of forced respira- 
tions in and out of the spirometer. This causes a uniform distribution 
of the hydrogen throughout the atmosphere wliich pervades both the 
spirometer and the respiratory system of the subject. , A comparison 
of the initial and final percentages of hydrogen in the spirometer 
shows the degree of partition of this gas as between the spirometer 
and the lungs, and combining this with a knowledge of the initial 
and final volumes of total gas {i.e. air -f hydrogen) in the spirometer, 
the volume of the respiratory system and the residual air may be 
calculated. 

The number of respirations in a healthy adult person usually 
ranges from 14 to 18 per minute. It is greater in infancy and child- 
hood. It also varies much according to different circumstances, such 
as exercise or rest, health or disease, etc. Variations in the number 
of respirations correspond ordinarily with similar variations in the 
pulsations of the heart. In health the proportion is about 1 to 4, 
or 1 to 5, and when the rapidity of the heart’s action is increased 
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that of ilio ('JioKt muveinout is coiiiiRoiily increased also; but not in 
every case in equal proportion. It happens occasionally in disease, 
especaally of the lungs or air-passages, that the number of respiratory 
acts incrc^ases m greater projiortion than the beats of i\\Q pulse ; and 
in other ahecdions, much more commonly, that the number of the 
jndse-beats js greater in pi-o])ortion than that of the rcs])irations. 

The Respiratory Quality of the Air. — From what has been 
said it is evident tliat the air in contact with the blood is that of 
the alv(M)li. From the following table its composition may be 
(iompai'ed with that of the atmospliere and of the expired tidal air. 
It is to be understood, liowcver, that these figures may vary in 
diflercnt (urcumstances, but the averages obtained from normal 
individuals at rest are sulficiently imporhint in an understanding 
of res[)iration to be commitbHl to immiory. 


Per Cent, by Volume. 
Oxygen 

Carbon dioxide . 
Nitrogen 


Atmosphere 
. 20 96 

004 
. 790 


Expired Air. 
100 
4-4 
79 6 


Alveolar Air. 

13-14 

6-6 

80-82 


The expired and alveolar airs are saturated with water vapour at 
body temperature. 

Methods of Investigation. 

Although these methods were originally used in the purely 
scientific investigation of respiration, their use has now been 
extended to the study of diseased conditions, and a knowledge of 
tlieir use has become essential to medical students. 


The Collection of Alveolar Air. 

Haldane and Priestley introduced a simple method of collecting 
alveolar air which has the advantage of being applicable to man. 
It (ionsists essentially of collecting the air expired at the end of a 
deep expiration. A piece of rubber tubing is taken about 1 inch 
in diameter and about 4 feet long. A mouthpiece is fitted into 
one end, and 2 inches from the mouthpiece is a smaller rubber tube 
through which samples may be withdrawn into a sampling tube 
(fig. 123). The latter is made of glass and has a tap at each end. 
Before it is used it is evacuated (conveniently by filling it with 
mercury and allowing it to run out). The subject of the experiment 
breathes normally through the tube for a time until he becomes 
accustomed to it, and then, at the end of a normal inspiration, he 
expires quickly and very deeply through the mouthpiece and 
instantly closes it with his tongue. A second experiment is then 
done, in which the subject expires deeply at the end of a normal 
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expiration, and another sample is obtained. The mean result of the 
two analyses represents the composition of the alveolar air. Since 
the gaseous interchange between the blood and the alveolar air 
is going on continuously, it is evident that at the end of inspiration 
there will be a maximum percentage of oxygen, and a minimum 
percentage of carbonic acid; the converse obtains at the end of 
expiration. 

On analysis the composition of alveolar air is found to bo 
13-14 per cent, of oxygen and 5 to 6 per cent, of carbon dioxide. 

These percentages may, however, be caused to vary according to 
the ventilation in the lungs. If respiration is increased voluntarily 



the alveolar air becomes more like atmospheric air, i.e. the percentage 
of carbon dioxide falls. This occurs whenever the respiratory centre 
is stimulated by substances in the blood other than carbon dioxide, 
e.g. by voluntary over- ventilation or by acids such as those produced 
in diabetes. A fall of alveolar carbon dioxide is therefore of 
considerable diagnostic significance as (see Acid-Base Equilibrium) 
it indicates an attempt of the body to rid itself of excessive acid, 
as, for instance, in diabetes mellitus. Similarly, reduced respiration 
due to any cause except lack of COg causes a rise in alveolar CO.^. 


The Collection of Expired Air. 

In measuring the total ventilation (cubic centimetres of air passing 
in and out of the lungs per minute) it is usual to measure the volume 
of the air expired in a given time. This is not quite the same thing 
as the volume of the inspired air, because the CO 2 added to the air is a 
little less in volume than that of the oxygen which it replaces (p. 288). 

The subject, whose nose is clipped, breathes by the mouth through 
a tube in which there are suitable valves. By attaching a tube to 
the expiratory valve the expired air can be collected in a bag. The 
type of bag most frequently used for this purpose is that devised by 
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Douglas of Oxford. The Douglas bag is made of canvas impregnated 
with rubber ; its walls must be impervious to CO 2 , flexible, and not 
too heavy. It is fitted with a tap which can be turned quickly 
so that the duration of an experiment can be timed exactly. The 
sample collected is kept for subsequent measurement and analysis. 
The tubing used for connecting the face mask to the bag must have 
a very wide bore; even a small constriction adds greatly to the 
labour of respiration and causes respiratory fatigue. 



Pio. 124— The Douglas bag ami accessory apparatus. The bag itself is seen hanging near the 
operator’s rlglit hand. The gas meter faces him, and he is seen working a stationary bicycle 
(bicycle ergometer). (G. B. Hunt.) 


The volume of the sample is obtained by passing the contents 
of the bag through a gas meter, and a side tube facilitates the 
collection of small samples for analysis. In this way (1) the total 
ventilation, (2) the oxygen in the expired air, and therefore the 
oxygen absorbed by the subject, (3) the CO^ in the expired air, 
and its output per minute, and (4) the respiratory quotient (the 
proportion of CO.^ given out to oxygen taken in) are obtained. 
These data are also needed in reference to work on nutrition, and 
may also be employed in calculating the quantity of blood circulating 
per minute. 
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On analysis the expired air is found to be between alVeolar and 
the inspired air — i.e. to contain 16 per cent, oxygen and 4 4 per 
cent, carbon dioxide. The more efficient the ventilation the 
more like atmospheric air the expired air becomes. Over-ventilation, 
therefore, causes the percentage of oxygen to rise and that of the 
carbon dioxide to fall, and care must be taken to avoid this in 
collecting a sample by ensuring that the subject breathes naturally. 


The Principles of Gas Analysis. 

The gases one has to deal with, whether pumped off by the 
vacuum pump from the blood, obtained from the pulmonary alveoli, 
or from the atmosphere, are only three in number. The total gas 
obtained is first measured, then the carbon dioxide is removed by 
caustic potash (KOII) and the gas that remains is measured; this 
consists of oxygen and nitrogen. The oxygen is removed by pyrogallic 
acid in KOJI and the gas again measured ; this is nitrogen. 

The Haldane Gas Analysis Apparatus. 

This is the (dassic.al apparatus for gas analysis, but many modifi- 
cations in detail have been devised (fig. 125). 

In its simplest form it consists of a burette (B) surrounded by 
a water-jacket (W) to which there is connected, by means of rubber- 
tubing, a mercury reservoir. After preliminary adjustments * a samjile 
is drawn into the burette by lowering the menuiry (M) wliich previously 
has been raised to fill the burette completely. When the air to be 
examined is in a sampling tube its place in the tube is taken by 
fluid from a reservoir attached by tubing to its lower end, the upper 
end being attached to the ana^er. The tap 1 is then closed and 
the sample measured (at al;mospheric pressure, by levelling the 
surface of the mercury in the reservoir with that in the burette). 
The taps 1 and 2 are then turned so tlmt the burette communicates 
with the bulb (K) containing 10 per cent. KOH, and the sample is 
driven over and drawn back from this bulb several times. The 
level in the bulb is brought back to zero by adjusting the level of 
the mercury reservoir. The tap 1 leading from the burette is now 
closed and the sample measured at ativiospheric pressure as before. 
The decrease in the volume of the sample is a measure of the COg 
absorbed. The sample is driven over until absorption is complete. 

The procedure is repeated using tap 3, so that the gaseous 
sample enters the pyrogallol bulb (P) instead of the KOH and is 
continued until no further absorption occurs. This may take half 

* These adjustments include the exposure of all air in the apparatus to 
pyrogallol to ensure that only nitrogen is present. 
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an hour. Tlio further diminution in volume indicates the amount 
of oxygen in the sample. 

Before commencing the analysis the direction of the taps must bo 
known. The taps must bo turned to connect the ludlis with the 
atmosphere and the levels of the solutions in the bulbs are adjusted 
to zero. All COo and oxygen must be removed from the tidies 



connecting the bulbs with the burettes by carrying out a preliminary 
analysis of room air. It is important also to emphasise that since 
the pyrogallol will absorb COg as well as oxygen the carbon dioxide 
must be absorbed first. 

Micro-gas analysis . — This is necessary when analysing the gases 
in a bubble of air as in determining the tension of gases in blood. 
The burette is replaced by a graduated tube of capillary boro into 
which KOH and pyrogallol are alternately sucked by various devices. 
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RESPIRATION {continued) 

The Gases of the Blood 

I^EFORE the stiuleiit can study cither the cliemistry of respiration or 
its regulation, which is in part a chemical process, it is necessary 
that ho should have an adequate conception of the fundamental laws 
which regulate the retention of oxygen and carlionic acid in the 
blood, and as the lilood presents many complications, it will be best 
at the outset to consider the solution of gases in siudi a simple 
medium, as water. 

Solution of Gases in Water, 

If water is shaken up with a gas, a certain definite amount of the 
gas will be dissolved in the water. Under the same conditions the 
same quantity of oxygen will always be dissolved. The temperature 
is important, but to simplify the following argument it will bo 
assumed that the temperature remains constant, so that this factor 
may be neglected. The amount dissolved depends then on two 
factors, each of which can be measured. The first is the pressure 
of the gas to which the water is exposed when shaken ; the 
second is the solubility of the gas in water. The solubilities of 
different gases differ very much; some (for instance, oxygen) are 
but slightly soluble in water, while others, such as carbonic acid, 
are very soluble. 

If a cubic centimetre of water is introduced into a large air- 
tight bottle containing pure oxygen at atmospheric pressure, and 
another cubic centimetre of water is placed in a bottle containing 
pure carbonic acid at the same pressure, the former will dissolve 
0‘04 c.c. of oxygen, the latter 1 c.c. of carbonic acid. These figures 
represent the degrees to which the two gases are soluble in water 
in similar circumstances, and are called the coefficients of soluhility. 
The coefficient of solubility of gas in a liquid is therefore the volume 
of gas which 1 c.c. of the liquid will dissolve at 760 mm. of mercury, 
that is, atmospheric pressure. 

The quantity of gas which a liquid will dissolve depends not only 
on the solubility of the gas, but also on the pressure of the gas to 
which the liquid is exposed. Thus, in the instance given above, if 
the oxygen had been rarefied in the bottle until it exerted a pressure 
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of only one-fiftli of an atmosphere, the water would have taken up 
not 0'04 c.c. of oxygen, but only one-fifth of that amount, 0 008 c.c. 
To take another example, 1 c.c. of water shaken up with pure nitrogen 
at 760 mm. pressure will dissolve 0 02 c.c. ; but if the pressure is 
reduced to four-fifths of the atmospheric pressure, then the water 
will dissolve 0 02xJ = 0 016 c.c. If we represent the coefficient of 
solubility of a gas by K, the pressure of the gas to which the liquid 
is exposed by P', and the atmospheric pressure by P; then the 
quantity, Q, of the gas dissolved by 1 c.c. of the liquid may be 
obtained by the following formula — 

Q = K X 

Dalton-Henry Law. 

What has been said above is as true of gases which are mixed 
together as of pure gases. For instance, we have seen that a cubic 
centimetre of water shaken up with oxygen at one-lifth of an atmos- 
phere (152 mm. pressure) will absorb 0 04 x J = 0-008 c.c.; or if shaken 
with nitrogen at a ])ressuro of four-fiftlis of an atmosphere, it will 
dissolve 0 02x J = 0'01G c.c. If now a c.c. of water be shaken with 
air (a mixture of one part of oxygen to foui^ of nitrogen), it will have 
absorbed O'OOS c.c. of oxygen and 0*016 c.c.' of nitrogen. The fact 
may be summarised thus: — Wlien two or more gases are mixed 
together, each of them produces the same pressure as if they , 
separately occupied the entire space and the other gases were^' 
absent. The total pressure of the mixture is the sum of the^^ 
partial pressures of the individual gases in the mixture. 


Estimation of Blood Gases. 

The classical method of obtaining gases from the blood has been 
that of boiling off ' the prase s from the blood by creating a vacuum 
above it. Tlie' dillerent patterns of air pump vary in different 
laboratories. For general use, however, the chemical methods are 
much more convenient. 

Haldane's and Barcroft's Methods . — In both of these the oxygen 
is liberated from the blood by potassium ferricyanide, and subsequently 
the carbon dioxide by tartaric acid. The blood, oxalated to prevent 
clotting, is placed in a small chamber (A) beneath weak ammonia 
solution (to fix the free CO.,), and laked with saponin. Within the 
chamber is a small ' container of fresh saturated aqueous solution of 
potassium ferricyanide. The appliances differ in the methods of 
measuring the gas given off and in the shape of the chambers. In 
each there is a similar chamber in which a similar quantity of water 



CH XVIII.] 


ESTIMATION OF BLOOD GASES 


249 


or blood may be placed as a control, with which the sample may 
be compared. 

Tn the Barcroft apparatus (fig. 12G) the gas given off drives a 
column of clove oil along a The difference in the level of 

the oil in the two limbs is pro})ortional to the amount of gas evolved. 

In the Haldane apparahis (fig. 12G) the amount of gas evolved is 
measured directly in the burette C, in which the fluid is driven 
down, tlie second small chamber (D) introducing an automatic 
correction for any expansion or contraction of gases in the apparatus 
due to accidental changes in temperature (E). This possibility is 
reduced by immersing the chambers in a bath of water at a constant 
temperature. TJie tubes T contain acidulated water containing a 
dye and bile salts to reduce surface tension. 

Wlien large quantities of ])lood are available, the older Dupre's 
apparatus may be used (see Urea Estimation), to which the letters 
used above also ap])ly). For results, see page 2G2. 

If the ])lood has been saturated the above gives the oxygen 
capacAty of a sample. To obtain the oxygen content of a given blood, 
the sample is put in the chamber, great care being taken to prevent 
it from coming in contact with air. The chamber is now shaken 
and the diminution in the volume of the air in the burette indicates 
the amount taken up. This subtracted from the capacity gives the 
oxygen content. 

Estimation of the G avion Dioxide Content or Oomlining Power of 
Blood. — This can be carried out on the same specimen as used in 
the estimation of the oxygen capacity. The stopper is removed 
from A, and B is replaced by another small tube containing an 
aqueous solution of tartaric acid.* The stopper is replaced, the 
fluids mixed, and the remainder of the estimation is carried out as 
described above for the oxygen capacity. A certain amount of carbon 
dioxide is lost during the process of oxygenation, and special methods, 
e.g. that of Van Slyke, have to be used to avoid this. In determining 
the CO 2 combining power the blood is previously exposed to alveolar 
air or a mixture containing 5 to 6 per cent, carbon dioxide. This 
gives the alkali reserve of the blood. 

Another form (Van Slyke ’s) commonly used for determining the COo in plasma 
is shown in fig. 1*26. The apparatus is washed out with ammonia to remove the 
COo. A sample (I c.c.) of blood (or plasma) is placed in A and is drawn into 13. 
By lowering the mercury reservoir (M), 1 c.c. water to wash and subsequently 
0*5 c.c 5 per cent. H 0 SO 4 are similarly drawn in and tap Tj closed. / By lowering 
M further a vacuum is created in B and the CO.j bubbles off. Subsequently the 
blood is trapped in D by opening and closing T^,. On raising thejnercury and leaving 
thq liquid trappedjj passes up E, the CO .2 which has been given off is measured by 
reading the amount in the burette after bringing the level of the mercury in M to 
that in the burette to ensure the gas being at atmospheric pressure. It will be 
understood that for convenience in the illustration M is much too high. 

* 0*25 c.c. of 20 per cent, solution. 
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The Tension of Gases in Fluids. 

In the cases whicli have been discussed up to this point, a con- 
dition of equilibrium exists between the gas dissolved in the fluid 
and the gas in the atmosphere to which the fluid is exposed, so that 
as many molecules of the gas leave the surface of the fluid as enter 
it. The gas dissolved in the fluid therefore exercises a pressure 
which is the same as that of the gas in the atmosphere when 
equilibrium exists. The word Tension is applied to the pressure of 
the gas in the fluid. 

Definition of Tension. — The tension of a gas dissolved in a fluid 
is equal to the pressure of the same gas in an atmosphere with which 
the gas in tlie fluid would be in equilibrium. Above, wo have called 
the pressure which the gas exerts on the liquid P'. If we call the 
tension of the gas in the liquid T, we find that, when equilibrium 
exists, P' = T. In the case of all true solutions, therefore, we may 

T 

replace P' in our previous equation by T ; so that : Q = K x p . We 

thus arrive at a relation between two separate things, which must 
be most carefully distinguished from one another — the quantity of 
the gas dissolved in the liquid and its tension. 

Measurement of Tension. — hTumerous instruments, called tonometers, 
exist for measuring the tension of gases in fluids. Of these, the 
instrument which has given the most 
trustworthy measurements of the oxygen 
and carbonic acid tensions in circulat- 
ing blood is that invented by Krogh 
(fig, 127). 

A T-shaped cannula (A) is intro- 
duced into a blood-vessel, say the carotid 
artery ; the blood fills the cavity B and 
leaves it at 0, so that a constant stream 
of blood is kept flowing. Into it a 
small bubble* of air ^D) is introduced. 

Exchange of gases takes place between 
the bubble and the blood, and the 
former very soon gets into equilibrium Fig 127 — Krugh’s tonometer, 
with the latter. When it has done so, 

the bubble is withdrawn up the. capillary tube E, taken away, and 
analysed in a microtonom eter JiMlysis 

As an exampIeTsuppose tlie bubble on anafysis "proved to consist 
of 4 per cent, carbonic acid and 12 per cent, oxygen, together with 
nitrogen and aqueous vapour. The gas of the bubble in the 
instrument was compressed by the pressure of the arterial blood 
(say 120 mm. of mercury) in addition to the atmospheric pressure 
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of 760 mm. of mercury, and therefore the total pressure was 
120 + 760 = 880 mm. of mercury. Four per cent, of this would have 
been duo to the carbonic acid; 4 per cent, of 880 is 35'2. Twelve 
per cent, would have been due to the oxygen ; 12 per cent, of 880 
is 105’6. That is, the carbonic acid and oxygen tensions would have 
been in round figures 35 and 106 mm. of mercury respectively. 

In man it is evident that other methods are necessary. 

Barer oft and NagahasMs method . — If the point of a hypodermic 
needle fitted to an air-tight syringe is introduced into the radial 
artery in man a sample of ai:terial blood may be withdrawn, which 
may be regarded as of the same composition as that which leaves 
the lung by the pulmonary vein. If now a bubble of air is 
introduced into the syringe, this bubble rapidly loses oxygen and 
gains carbonic acid till it is in equilibrium with the blood, that is 
to say, till the gases in the bubble exert the same partial pressure 
as those in the plasma. If the bubble is very small, relatively 
to the amount of blood, the blood may be regarded as not having 
changed appreciably in the process, and therefore the partial pressure 
of the gases found by analysis of the bubble may be taken to bo those 
of the gases in the arterial blood. 

Inference method . — This is probably the method most commonly 
used, A sample of blood is taken and the quantity of oxygon and 
carbon dioxide in it determined. From a knowledge of the dissociation 
curves of • the blood, which indicate the power of blood to take 
"up" gases at different pressures, it can be inferred at what tension 
the gases must have been present. In accurate investigation it is 
necessary to make a dissociation (mrve for the actual blood under 
investigation, as all bloods arc not alike. 

The measurement of the gaseous pressures in the mixed 
venous blood which leaves the right ventricle has been carried out 
by various methods during the last decade, but the most satisfactory 
is that of Douglas ; a mixture of nitrogen, oxygen, and carbonic acid 
in suitable proportions is introduced into a large air-tight bag (the 
Douglas bag is more fully described in fig. 124); the subject takes a 
deep breath of this and holds his breath for about five seconds. 
A sample of his alveolar air is then collected, care being taken to 
leave enough air in the lungs for a second sample to be collected 
ten seconds later, no breath being inspired in the interval. If the 
two samples are identical in composition as regards both oxygen 
and OO 2 , the samples may be adjudged to have been in equilibrium 
with the mixed venous blood, and thus the tension of the gases in 
this blood is ascertained. 
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Relation between Quantity and Tenfiion of Gases in Blood. 

It is now necessary to consider the relationship between these 
two sets of data. 

On page 251 we have seed that for gases in solution in water, 

Q = K X where Q is the quantity of gas dissolved, T the tension, 

K the coefficient of solubility, and P the atmospheric pressure. 
Since K and P are constant, it follows that Q varies directly in 
proportion to T; that is to say, if the tension is doubled, the 
quantity of gas dissolved is also doubled; if the tension is trebled, 
the quantity of gas is trebled, and so on. These results may be 
plotted out on a curve in which the quantities are placed on the 



Fio 12s — Barcroft'a saturator, suspended horizontally in warm bath in which it Is rotated. 

ordinate and the tensions on the abscissa. Such a curve gives the 
quantity of gas dissolved at any given tension, and in the case of 
water the “ curve ” is a straight line. 

But for oxyL^e n and carbonic acid in blood, the curves are not 
straight lihe^ 

The Transport of Oxygen. — Our knowletlge of this subject we 
owe particularly to the investigations of Barcrofb of Cambridge. 
He has shown how to obtain information regarding the transport of 
oxygen by studying the amount of oxygen wliich the blood will hold 
in varying circumstances. The methods of estimation are described 
on page 248. 

If 100 c.c. of average arterial blood are subjected to a vacuum 
pump or to the action of potassium ferricyanide, almost 18-6 c.c. 
of oxygen are given off, and from what has been said regarding 
the solubility of gases in water, it is evident this oxygen cannot 
be in simple solution. The amount in actual solution is only 07 c.c. 
This capability of the blood to take up large quantities of oxygen 
depends on the presence in the blood corpuscles of a pigment — 
hsemoglobin. Blood contains 14 per cent, of this pigment by 
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weight, and each graiuiiie can take up about l‘o4 (i.e. of oxygen. 
The actual figure varies in different animals. The chemical charac- 
teristics of htenioglohin are described later. 

If, however, the blood is exposed to various tensions of oxygen, it is 
found that within certain limits the blood takes up oxygen according 
to the pressure of that ^as in the air to which it is exposed. This 
is seen in the following experiment. 

Six vessels, similar to that in fig. 128 (Barcroft’s saturator), are 
taken, and in each is placed a few c c. of a solution of haemoglobin, 
together with gas mixtures of certain definite compositions. Each 
saturator is rotated in a bath at a given temperature for about a 
quarter of an hour, by which time the hiumoglobin and the oxygen 
are in equilibrium. The blood is then witlulrawn and the amount 
of oxygen taken up from the different mixtures determined. The 
results are expressed as percentages of the maximum which might 
have been taken up by the blood if it had been exposed to the 
outside air. 

In each instance the mixture is made up to atmospheric pressure 
by the addition of nitrogen. 


Partial Pressure 

Perc(*ntfigc 

of Oxygen. 

Saturation. 

102 

97 

50 

87 

20 

72 

10 

55 

5 

37 

0 

0 


The hienioglobin which has taken up oxygen we call oxyhcemoglohin, 
the remainder without oxygen is called reduced licemoylohin. 

These figures may be expressed graphically, and we get the 
curve which we know as the dissociation or association curve 
of haemoglobin. As we shall see, the partial pressure of 100 is 
specially important since this is about the pressure in the alveoli 
of the lungs where the blood normally takes up oxygen. It is seen 
that at this pressure the blood is 97 per cent, saturated, and for 
average blood this is equivalent to 18'5 c.c. of oxygen being taken 
up by 100 c.c. of blood. Some bloods however may contain 20 c.c. 

The important practical point to notice is the fact that the blood 
exposed to oxygen at a partial pressure of 100 is almost saturated. 
The administration of oxygen, therefore, to a normal person cannot 
cause the blood to take up much more oxygen than it does from the 
air normally in the alveoli. 

It will be seen that even at low partial pressures the haemo- 
globin takes up considerable quantities, but it is evident that 
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while this might bo advantageous from the point of view of loading, 
it would be unsatisfactory from the point of view of giving up 
oxygen. 



Oxygen Pressure in mm. of Mercury. 

.>!■ fi' ^ ^ , 

Fio. 129.— Dissociation curves of hapmoglobin solution in water at Sf' C. ’BlufS' 'foduced hffiino- 
globln ; rod, oxyliiemoglobin. Tho dotted line in the blue is the cuive obtained whon the blood 
is cooled to 16° C. Tho dotted line in tho red indicates the efl'ect of heat and salts Increasing the 
amount of CO 2 in tho gas mixtures similarly moves tho curve to tho right (After Barcroft.) 

haemoglobin in a saturator, it may be shown that they prevent tho 
haemoglobin from holding so much oxygen at the lower concentra- 
tions. Carbon dioxide has a similar eifect which is shown by the 
dotted lines in fig. 130. 

The effect of carbon dioxide is interesting, as the amount used in 
the experiment is that which is normally present in the air of the 
alveoli. The reason for this effect of the carbon dioxide on the 
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amount of oxygon hold, wo sliall soo, is tliat the oxygtui and the 
carbon dioxide indirectly conijn^te for the availal)le alkali in the 
corpuscles of the blood. 

The two coloured ligures (129 and 12>0) should Im^ carefully 
eoinjiared, as they show graphically the advantages of blood over 
a pure solution of Inemoglohin as an oxygon carrier. 

These factors, however, not only affect the amount of oxygem 
which the blood gives off, hut also the rate at which the oxygen is 



0 10 20 30 40 50 60 70 80 90 100 

U XjiJ* ^ Oxygen Pressure in mm. of Mercury 

* o,- • 

Fia 180 — Dissociation curve of li.x*moglol>iii in the actual blood at 87° C and 40 mm COj Blue, 
reduced hucinoglobin ; red, oxylnemoglobin The dotted cuive in the blue is the dissociatrun curve 
at the same tempeiatuie, but at 0 mm CO^ Note the resemblance ot this to the h.emoglobin 
curve Tlie addition ot small annmnts ot aenfor moie COo would move the whole i ui vo to the light. 
A indicates the average content and tension of arteri.al blood ; V, tliose ol venous blood (After 
Bai croft ) The atmospheric pressuie at the summit of Mt. Everest (29,000 ft.) is about 260 mm. 

liberated. At room temperature, oxygen is taken up rapidly and 
given up slowly, but at body temperature the rate of giving up is 
enormously increased. 

The Transport of Carbon Dioxide. — The carriage of carbon 
dioxide has been studied by the same methods as those used for 
oxygen. The estimation of carbon dioxide has already been 
described. Since in solution it is an acid of some power, special 
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arrajigements have io be made for its transport from the active 
tissues to the lungs to prevent its causing any marked change in 
the liydrogen-ion concentration of the blood. This is accomplished 
by the carbon dioxide entering into chemical combination in the 
tissues and being set free again when it reaches the lungs, but 
in this process both the corpuscles and the plasma play a part. 

It is conVuiicnt to visualise the carbon dioxide as being loaded 
into the blood by the exposure of the blood in the tissues to an 
atmosphere containing a high concentration of carbon dioxide just 
as carbon dioxide is forced into aerated water from cylinders under 
pressure in a factory, the reception of the carbon dioxide being, 
as in the case of soda-water, facilitated by alkali which prevents 
the water becoming unduly acid. The pressures concerned in the 
body, however, are not so great. 

It must, liowcvcu’, be understood that the taking up of carbon 
dioxide in the tissues and its giving off in the lungs by the blood 



are essentially dependent on differences in partial pressures and that 
it is easily possible to construct a carbon dioxide dissociation curve 
in the same way as has been done for oxygen. (Fig. 131.) 

The venous blood contains about 68 cc. per cent, of carbon 
dioxide during rest but appreciably more during activity while the 
arterial blood contains 64 c.c. per cent, of carbon dioxide {i.e. more 
than twice amount of oxygen). 

I 
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'riicso figures ein]>haHisc tliat during rest a very small pro])orti()n 
of the carbon dioxuh' in the v(;nous blood is mobile and lost in 
the lungs and that the arterial blood e-ontains more than twice 
the amount of carbon dioxide than oxygen. This level of carbon 
dioxide is kept (‘onstant by the respiratory apparatus. 

The. Arfe/rial or (\)n^fant (^irbon Dio.ride .- — lly this is meant 
th<^ carbon dioxide which is present in the arterial blood which does 
not come off in the lungs, but which can bo driven off by the 
addition of a stronger acid such as tartaric. This is present for 
the most part in the form of sodium bicarbonate and constitutes 
90 per cent, of that prcsimt in the blood. 

The alkaline reaction of the bicarbonate is balanced by the 
presence in the ])lasma of carbon dioxidi^ in simple solution to 


the extent of 


iSbilKX). 




hydrogen -ion concentration of the 


blood that is in contact with the tissues normally depends on this 
ratio The jiresenco of the phosjihate buffers in the plasma ensures 
an adequate supply of bicarbonate according to the reaction 


C02 + a,0 + NaH 2 P 04 - NaHCOg + NaH.PO^ 

while any tendency for the dissolved carbon dioxide and the 
hydrogen-ion concentration of the plasma to rise is at once ('orrected 
by an increased respiratory activity. The acid phosphate is 
excreted by the kidney. Even the arterial carbon dioxide can, 
however, be reduced by over-ventilation of the lungs or increased 
by inade(|uate ventilation. 

'f/ir. Mohile (Jarlxm Dioxuk, although in no way different from 
the more constant fraction, is characterised by being taken up 
and giv(m u[) by the blood at a gri'at speed which has been shown 
by Houghton and his co-workers to depend on the [)resence of 
an enzyme, atrhomr anlijfdrase, which catalyses the reaction 
HgO-f-fXlg HoCOg. This enzyme is present only in the corpuscles, 
from which it can be extracted with 40 ])er cent, alcohol. Its 
activity is inhibited by cyanides. 

In the transport of this mobile fraction the reduction of 
htcmoglobin in the tissues plays an important part, for the oxy- 
hcTemoglobin which is redu(;ed in the tissue is more strongly acid 
than reduced hamioglobin. 

This potential change in the corpuscles makes the carbon dioxide 
enter the corjiuscle rapidly and under the influence of the carbon 
anhydrase it rapidly becomes HgC^Og, which at once dissociates and 
takes the place of the oxygen which has left the corpuscle. The 
products of the dissociation HCOg and It probably attach them- 
i^elves for the most part to the piolassium hamioglobiiiate and the 
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hsemoglobin to form KHCO3 and IIHb. A proportion of tbe COg 
may condnno direct witli tbe NHg group of tbe bccmoglobin to 
form a carbamino compound, HbbTHCOOH. 

Tbe balance between tbe positive and negatives ions in tbe 
corpuscles and tbe plasma is upset, but tin's is at once corrected and 
equilibrium on l)otb sides of tbe corpuscular membrane re-establisbcd 
by tbe passage of (U ions into corpns(des and HOOg ions into 
tbe plasma wbicb takes tbe place of tbe sodium set free from 
tbe NaCl. 

This reaction wbicdi is known as tlu^ rlilorvh shift was first 
brought to notice by tbe fact that there is a nuluction of tlu5 
chloride content of tbe plasma when carbon dioxide is added to 
blood (Hamburger) wbibi tJiere is at tbe same time an increase 
in tbe amount of sodium bicarbonate in venous blood with the 
production of an alkaline and a slightly acid salt, with but slight 
change in reaction. The acid salt and CO2 in solution are balanced 
by the bicarbonate and alkaline salt to maintain the normal 
reaction. 

Tbe ])roteins of the plasma play a small part in tbe carriage of 
carbon (lioxido since they arc able, like feeble acids, to combine 
with bases wbi(di, however, can be removed from them by an acid 
stronger than themselves. We have there such reactions as — 

NaPr + H2CO3 = NaHCOg + HPr. 

(salt) (acid) 

Because of such reactions tbe dissociation curve of a bicarbonate 
solution is not exactly tbe same as that of se])arated plasma 
(fig, 131). 

All these very complicated reactions are rendered necessary by 
peculiar properties of tbe membrane of the red blood-corpuscle 
through wbicb tbe alkaline amino K and Na cannot pass easily, 
although tbe cations JICO^ and Cl can pass freely. 

It will be seen that when carbon dioxide is added to the blood 
the corpuscle does not change its reaction because the place of the 
oxyhoeinoglobin is taken by II and Cl ions. 

Similarly in the plasma there is no change of reaction because 
IICO3 takes the place of Cl ions. 

In the lungs the whole process is the reverse of that in tbe 
tissues, the loss of carbon dioxide being brought about by its low 
tension in tbe alveoli and the forma turn of tbe acid oxylijemoglobin. 

Alkali Reserve (Van Slyke). — The alkali available for tbe 
transport of acid is known as tbe alkali reserve of the Mood and 
may be estimated directly, by finding tbe carbon dioxide com- 
bining power of tbe blood. This is ibderniincd by exposing a 
sample of blood to alveolar air or a gas mixture with tbe same 
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amount of carbon dioxide (5’5 per cent.) and subsequently finding 
the amount of carlion dioxide whicli has been taken up. This 
latter determination may be made by the Van Slyke, Haldane, or 
Barcroft apparatus (fig. 126, p. 250). Clearly, if any acid is being 
added to the blood, alkali is taken up and the alkali reserve becomes 
appreciably reduced. If, for any reason, such as the excessive loss 
of carbon dioxide at high altitudes, there is less acid in the blood 
than normal, the alkali reserve becomes reduced by the excretion 
of base by the kidney to keep the reaction of the blood at its 
normal level. 

The body has many other ways for maintaining its neutrality in 
many varying circumstances, but wo cannot profitably deal with these 
until we have considered the various other mechanisms concerned, 
especially the kidney. The alkali reserve of the body is dealt with 
later. 

In conditions of severe muscular work not only carbonic acid 
(carbon dioxide and water) is produced but also lactic acid which 
combines with the alkali of the blood to form lactate, some of which 
is excreted by the kidney (see also “ Oxygen Debt ”). 

It is important also to remark that CO.^ is got rid of by the 
kidney as well as by the lungs, and in cases of long obstruction 
to the respiratory tract this other means may become very 
important. 

The Mechanism of Gaseous Exchange in the Lung. 

1. Oxygen . — The simplest explanation of the passage of oxygen 
from the alveolar air into the blood is that the process is a purely 
physical one of diffusion. (See Diffusion.) 

The conception of respiration based on this view would be that 
the pressure of oxygen in the air of the alveoli, though less than that 
in the atmosphere, is greater than that in venous blood ; hence oxygen 
passes from the alveolar air into the blood -plasma ; the oxygen 
immediately combines with the haemoglobin, and thus leaves the 
plasma free to absorb more oxygen; and this goes on until the 
haemoglobin is entirely, or almost ent|rely, saturated with oxygen. 
The reverse change occurs in the tissues where the partial pressure 
of oxygen is lower than in the plasmd, or in the lymph that bathes 
the tissue elements ; the plasma gives up its oxygen to the lymph, 
the lymph to the tissues; the oxyhaemoglobin then undergoes dis- 
sociation to supply more oxygen to the plasma and lymph, and thus 
in turn to the tissues. 

Some authorities have considered that in cases of definite oxygen- 
want, such as during violent muscular exercise, or on the tops of 
high mountains, the lining epithelium of the pulmonary alveoli can. 
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by a process of active secretion, like that of the swim bladder of a 
fish, transfer oxygen from the alveolar air to the blood. Barcroft 
lived for six days in a respiration chamber in which the oxygen 
pressure in the inspired air was gradually reduced from 130 mm. Hg 
on the first day to 84 mm. on the last ; a pressure of 84 mm. Hg 
corresponds to that experienced at an altitude of about 18,000 feet. 
At the close of the experiment a cannula was inserted into Barcroft’s 
radial artery so that his arterial blood could bo collected either when 
he was at rest or performing work ; his alveolar air was collected and 
examined simultaneously. The percentage saturation with oxygen 
was measured in the blood samples and its tension inferred from the 
dissociation curve. The following results were r^btained : — 


During rest During work 

Pressure of oxygen in alveolar air . . 08 nun. Hg. 57 nun. Hg. 

Tension of oxygen in arterial blood . . 60 ,, 48 ,, 


More recently Krogh’s bubble aerotonometejr has been applied to man, the 
blood being withdrawn from arT M'lL'lji bji d ll^poderniic syringe. By this method 
comparisons have been made of the oxygen-tension in the arterial blood and alveolar 
air, both at the sea-level and at Cerro, a mining town in the Andes (14,200 ft.). 
In both cases equilibrium seems to be attained so closely that the ditfcrence 
between the two is within the region of experimental error ; — 


Cambridge . 
Cerro . 
Edinburgh . 
Mt. Everest 


Barometric 


pressure 
701 mm. Hg. 
458 
755 
250 


(hj pressure in 
alveolar air 
100 mm. 

58 „ 

102 „ 
not available 


Oo tension In 
arterial blood. 

99 

56 

101 


Many experiments have also been carried out on animals, especially 
by Krogh who varied the oxygen content of the alveolar air. In 
no instance, however, has it been found that the tension of the oxygen 
in the arterial blood is ever above that in the alveoli. 

2. Carbonic Acid . — The dissociation of carbon dioxide from the 
blood takes place in the lung by the reverse processes from those 
which have just been described for its transport. The chief factor 
is the fall of the tension of carbon dioxide in the lungs (42 mm.) 
compared with that at which it has been loaded (over 58). The 
process is facilitated by the formation of oxyhiemoglobin, which 
tends to drive the HCl from the corpuscle into the plasma ; 
the HCl breaks up the NaHCOs and drives off the CO^ into the 
alveolar air. 

In addition the dissociation of the carbon dioxide attached to 
the haemoglobin is greatly speeded up by the presence of the enzyme 
carbonic anhydrase in the corpuscles. 

The tension of the carbon dioxide in the tissues is usually over 
58, but there is considerable variation in the different body fiuids 
according to their reaction. 
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Tlie following table sninmarises the main facts in relation to the 
two gases, and the arrows indurate the direction in which the (dianges 
occur. The ])rcssurcs are in mm. tig- — 

Carbon Dioxide. Oxygen. 



Volume. 

Pressure. 

Volume. Pressure, 

-> Veins 

. 58 

at 

58 

136 

at 

60 

Lungs . 



42 



102 








Arteries 

. 54 

at 

45 

18 5 

at 

80 

F 







-^-Tissues 

over 68 

at over 68 under 

13-5 

at under 

60 


Those figures are apjirnxiniate and may be taken as averages for the 
body at rest. It is seen that the equilibration is almost complete 
in the lungs but not quite. In exercise the figures for CO^ in tlie 
tissues may be much increased and those for tlie 0., corrcsxiondingly 
reduced. Actually also, for reasons to be described in relation to 
the respiratory quotient, the blood gives up in the lungs slightly 
less carbon dioxide than the amount of oxygen it receives. Some of 
the oxygen is used to oxidise hydrogen and is excreted as water 
(HoO). 

Cause and Kegulation of Eespiration. 

There are three factors, each of which plays a part in maintaining 
and regulating the rhythmic movements of respiration. They are 
the respiratory centre, the vagus nerves, and the chemical condition 
of the blood. 

(1) The Respiratory Centre. — If sections of the brain stem are 
made from above downwards all forms of respirations cease when 
the tip of the calamus scriptorius is reached. Eor this reason 
Flourens, who first did the exiieriment, called this region the 
respiratory centre. From the work of Lumsden, however, we know 
that respiration is affected by section of the brain at a much 
higher level. Section obliquely through the upper part of the pons 
results in the production of apneustic respiration, i.e. respiration 
which has a prolonged inspirator^phase, while after section through 
the middle of^ the pons gasjnng is the only typo of respiration seen 
(fig. 132). These stages are readily seen if an animal is bled to 
death, when we may assume that the different parts of the respiratory 
mechanism fail from above downwards. In man these phenomena 
are also seen at the approach of death and, indeed, may be a valuable 
warning in amcsthesia. 

The respiratory centre is probably twofold, consisting of an 
inspiratory and an expiratory centre. Of these two the inspiratory 
centre is so much the more active that its importance is a subject of 
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universal agreement; whereas the existence of an expiratory centre 
is doubted by some physiologists, who regard expiration as a mere 
cessation of the active process of inspiration, and a mechanical falling 
back of the tissues into their places. The respiratory centre is 
normally affected by chemical and nervous stimuli. 



Fio 132 —A composite tiacmg showing ililleront types of re.spirat!oii prodiiceii by veiy sevt re 
hajinonhage at the point whole the abiupt lall in blood-prossuio is seen. IMoces of tracing wore 
removed at 1 and 2 for convenience of reproduction. First, normal respiration is seen wluch 
becomes deeper and subseiiuently shallower; between 1 and 2 are seen two respirations of the 
apneustic type, which may be absent if the hsemorrhago is rapid; after 2 is seen the typical 
gasping. In some in.stances diUcrent types of respiration may gradually become superimposed 
on each other, e o. tlie gasping may gradually come on during failing normal or apneustio 
rosinration. The blood-pressuio recorder was lomoved later to prevent ilamage of respiratory 
record. (McDowall.) 


(2) The Chemical Control of Respiration. — The importance 
of the chemical stimuli was fully demonstrated and studied by 
Haldane and his co-workers, especially Douglas and Priestley. 

Tn the first place, they introduced the simple method of obtaining 
a sample of the air in the alveoli (see fig. 123, p. 241). They 
found that, under constant atmospheric pressure, the carbon dioxide 
exerts an almost constant pressure in the alveolar air of the same 
person. In different individuals tills pressure varies somewhat but 
averages about 40 mm. Hg (5 to 6 per cent, of an atmosphere) the 
pressure of the atmosphere in the alveoli at sea-level being 760 mm, 
less 17 mm. for water vapour. 

They found that a rise of 0 2 per cent, in the alveolar carbon 
dioxide is sufficient to double the pulmonary ventilation during rest. 
This effect of carbon dioxide can readily be shown by causing an 
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individual to lu’eathc a mixture of 95 per cent, oxygen and 5 per 
cent. c;arhon dioxide, li*, on the other hand, an individual breathes 
more deeply and rapidly than he does normally at rest, i e. until the 
air in the alveoli l)ecomes more like that of the atmosi)here and the 
carbon dioxide ])ercentage in the lungs falls, resj)iration c.eases for 
a sliort tiinc. This (;essation is known as Apnoea. It was once 
thought to be due to over-oxygenation of the blood, but it is now 
known that this cannot occur, since the arterial blood is almost fully 
oxygenated with normal respiration. That the distension of the 
lungs is not responsible is shown by the fact that, if the over- 
ventilation is carried out with expired air, no such apncea occurs. 
It is now agreed, as shown by Fredericq, that the cessation of 
respiration is the result of a fall of arterial carbon dioxide consequent 
on the reduction of the amount of that gas in the alveoli. This may 
fall to less than half the normal 5-6 per cent, but breathing is 
resumed before the normal is reached again, since the cessation of 
breathing eventually causes oxygen- want which stimulates respiration 
retlexly via the carotid and aorta (see below) but has a depressant 
effect on the centre itself (Wright). 

That oxygen- want alone may cause increase of respiration is 
shown by causing an individual to rc-breathe his own exjiired air, 
at tlie same time preventing an accumulation of carbon dioxide 
by passing tlie air through soda lime, ^bhe increase, however, is 
slight compared witli the effect of carbon dioxide. But for this 
fact respiration would cease at liigh altitudes where, for example, 
the partial pressure of alveolar carbon dioxide may be 28 mm. Hg 
instead of the normal 40 at sea-level. 

From what we have said in relation to tlie exchange of gases in 
the lungs it is evident that the (dianges in the gaseous content bring 
about similar changes in the arterial blood. It is these changes in 
the gaseous content of the blood which really cause the alteration in 
the respiratory movements. The final proof of this was given by 
Fredericq in cxQssed circulation experiments, in which the respiratory 
centre of one anima! was' kept' alive with blood from another; it was 
shown that the inhalation of carbon dioxide by the donor caused an 
increased respiration in the animal supplied. 

In similar experiments it has been found that asphyxia of an 
animal, excluding its lirain, causes increased respiration. There is 
now ample evidence that carbon dioxide acts not only on the 
medulla but on the spinal cord, the carotid body^ and the glomus 
aortimm. The action on the aorta is seen in the fact that the 
effect of carbon dioxide is reduced by section of the aortic nerves. 

* The carotid body is a minute structure close to the carotid sinus largely com- 
posed of minute vessels and supplied with nerves from the glossopharyngeal like 
the sinus. The glomus aorticura is a similar structure in relation to the aorta. 
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These regions are also sensitive to oxygon-want (Hey mans). The 
action of blood on tlio carotid body can be shown by perfusing them 
with blood of dillering gaseous composition. 

Wo now see how the increased respiration caused by exercise is 
brought about. If the pulmonary ventilation is not sufficient to 
maintain the arterial carbon dioxide and oxygen at their normal 
levels (as in exercise when the blood reaching the lungs is excessively 
venous), the respiratory centre is stimulated by the blood and 
respiration is increased. In severe exercise the respiratory centre 
is still further excited by the lactic acid which is produced by the 
active muscles in addition to carlion dioxide. On the other hand, if 
ventilation is excessive, as in voluntary forced breathing, the carbon 
dioxide I content of the arterial blood falls and the stimulation of the 
respiratory centre is lessened. 

Thus we see that respiration depends on metabolism, or more 
accurately on the carbon dioxide produced and the oxygen used by 
the tissues, and as we shall see later, the tissues which can affect 
the total metabolism most greatly are the voluntary muscles. 

Forced breathing, since it causes the body to lose carbon dioxide, 
has a profound effect on the acid- base equilibrium of the body (see 
later Chapter). 

The Specific Respiratory Stimulus. — If any acid is injected 
into the circulation an increase in respiration occurs and it has been 
debated whether or not it is the increased hydrogen-ion concentration 
rather than the carbon dioxide se which is the real stimulus. 
That the former is not the case, however, is suggested by the fact that 
although the blood of an animal is made alkaline (and this degree is 
never reached during apncea) by the injection of alkali, breathing 
still continues although slightly depressed. 

Further, it has been found by Hooker that a given rise of 
hydrogen-ion concentration produced by CO 2 is much more effective 
as a respiratory stimulus than the same concentration produced by 
another acid. 

The explanation for this has been afforded by Jacobs. By 
studying the reactions within cells he established that the power 
of HgCOg, i.e. HgO + COg, to penetrate through cell membranes is 
very much greater than that of any other acid. It is therefore, 
presumably, the better stimulant of the cells of the respiratory 
centre. 

We may look upon carbon dioxide as a specific stimulus only 
in the sense that it permeates more rapidly and we may consider 
that other acids, e.g. lactic, will stimulate the centre, not only by 
increasing the hydrogen-ion concentration of the blood, but also by 
producing carbon dioxide from the bicarbonate of blood. 

(3) The Nervous Control of Respiration. — It has long been 
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known that sensory stimulation, or section or stimulation of the vagi 
may have an effect on respiration, but the relationship of these 
fac^ has become clear only of recent years. 

''During each inspiration and expiration impulses pass up the 
vagi. This has been shown by placing the vagus on non-polarisable 



Fio. 183.— Kecords made with valv’(> arnidillcatioii and a Matthews’ osciilograpli to sliow the att'oreiit 
impulses passing up the vagus in the cat. All but a few of the nerve-fibres have been divided. In 
B and C only one cardiac fibre is in action and in L) only one fibre from the lungs. 

A. Decerebrate cat. Record showing the discharge of impulses at each heart-boat (in nerve, 
fibres corresponding to those of the cardiac depressor nerve in the rabbit) and at each expansion of 
the lungs (inspiration). 

B and C. From another preparation made at a higher speed to show the individual impulses. 
B shows three groups of cardiac impulses. In C the onset of the inspiratory discharge is shown 
as well. 

D. The discharge of^mpulses in a single fibre of the vagus during inspiration. The impulses 
occur in a regular series with a frequency which rises to a maximum at the height of inspiratipn. 
(E. D. Adrian.) 


electrodes connected with some form of electrometer or string 
galvanometer (Einthoven). A record is shown in fig. 133. 

^ If the vagi are cut or blocked in an animal deeply aiuBsthetised 
with chloral or morphine, the respiration becomes markedly slow and 
deep. These facts were investigated by Hering and Breuer in 1868, 
and they described what we now know as the Hering- Breuer reflex, in 
which impulses pass up the vagi and cut short each respiratory phase. 
Kespiratioii is thereby rendered less deep than it otherwise would be. 
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We have also evidence that nervous impulses passes up the 
vagus whenever the lung is artiiicially inflated or deflated; but 
whether the impulse during the expiratory period is inhibitory to 
an expiratory centre, or a stimulus to an inspiratory centre, is 
difficult to decide. The general evidence available suggests that 
there are really two centres acting reciprocally. 

The subject was reinvestigated by Head, who for this purpose 
recorded the movements of a slip of diaphragm, which in the rabbit 
can be separated with its nervous and blood supply intact. 

In one series of experiments positive ventilation was performed ; 
that is, air was pumped repeatedly into the lungs, and so increased 
their normal distension ; this was found to decrease the inspiratory 



Fio. 184 —A rccoid bt Ubpirat.on from a cat ai.scstbttisc'd by chloraloso and rusLcd. lietween the 
arrows both tlie vagi wore blocked by an electric (galvanic) current. Note the slow deep 
respirations which result from the loss of the Henng-Breuer reflex. 


contractions of the diaphragm, until at last they ceased altogether, 
and the diaphragm stood still in the expiratory position (fig. 135, a). 
Negative ventilation brought the diaphragm to inspiratory standstill. 

Later investigations, in which oscillographic records have been 
taken of the action currents of the vagus, however, have shown 
tliat in normal quiet respiration the impulses which pass up the 
nerve during inspiration are much more marked than those during 
expiration ; indeed, during the latter phase they may be negligible. 

Lumsden has also shown that the passage of air over the 
mucous membrane of the air-passages may act as an inliibitory 
stimulus. 

If the vagi are cut, these inhibitory impulses are then absent, 
and respiration must depend on chemical stimuli. Why, how- 
ever, inspiration and expiration should still alternate is as yet 
unknown. 
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Similarly, stimulation of the central end of the vagus, by setting 
up artificial inhibitory impulses, causes an inhibition of respiration 
in whatever phase respiration is at the time of the stimulation. 

It is now evident the vagi also carry accelerator nerves, for it 
has been found by Hammouda in Anrep’s laboratory that if they 
are cooled their stimulation results in acceleration. The slowing 
which occurs on section may therefore be considered to be due 
partly to the cutting off of accelerator impulses which arise at 
the periphery. 

There is, however, evidence that the Horing-Breuer reflex is not 
constantly in operation, otherwise we should not be able to breathe 
deeply during exercise. This may be shown experimentally. By 
using a block with a galvanic current, it has been’ shown that 



Fio. 185.— Tracings of diaphragm. The upward movements of the tracings represent 
Inspiration ; the downward movements, expiration. A, result of positive, B, of 
negative ventilation. (After Head.) 

the effect of the vagi on the respiratory centre may be made to 
vary. Thus, although at first, while the animal is under ether 
anaesthesia, block or section of the vagi may have no effect what- 
ever on respiration (McBowall), if the animal is allowed to rest 
under chloralose anaesthesia, the classical effect is obtained on 
blocking. Again, it may be shown that asphyxia, sensory stimulation, 
or the injection of acid and adrenaline reduces or abolishes the 
effects of vagus section altogether. The Hering-Breuer reflex is, 
therefore, to be considered a mechanism for the limitation of 
respiration especially during rest, somewhat analogous to the 
depressor reflex. 

Shallow and Ea^nd Respiration . — This condition may be produced 
by irritating the inside of the alveoli with a gas such as chlorine 
(one of the poison gases used in war). It may also be produced 
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l)y sudden ])locking of the pulnioiiaiy artery or its branches 
(eiiibolisni). Experimentally this has been done by injecting oil 
intravenously (Dunn); si^e Jig 136. 

The reJlex origin of such respiration is shown by the fact that 
it disappears if the vagi are cut, and 
that it occurs in pneinnonia when 
it causes faulty aeration of the blood. 

The irritation of the vagus- 
endings in the lung may bo con- 
sidered to stimulate the centres and 
cause exaggeration of the Hering- 
llrcuer reflex. Such a condition may 
be due also to a gradual weakening 
of the respiratory centre, such as 
occurs during deprivation of oxygen 
or lessening of the oxygen intake 
below a certain level ; or again 
tachypiioea, the rapid respiration 
induced in some animals by heat, 
may be purely central, and may be 
produced by merely warming the 
blood as it goes to the brain. 

Exhaustion of the respiratory 
centre may be brought ! about by 
prolonged and forceful i breathing 
througli narrow tubing. Hence the 
necessity for widc-bored tubing in 
divers’ apparatus and the like. 

The Essential Nature of Re- 
spiration. — Discussion is frequent 
on the question whether respiration 
is essentially a reflex phenomenon, 
the so-called respiratory centres 
being merely synapses or central 
cells upon which carbon dioxide and 
oxygen act. That carbon dioxide is 
essential for much nervous activity 
is well known; it is, for example, 
essential for the normal response of the vasomotor centre to posture 
and the maintenance of decerebrate rigidity. It has been suggested 
that afferent impulses from the sensory nerves generally bring about 
inspiration, while expiration is a reflex response to afferent impulses 
arising from the inspiratory muscles. The other view is that the 
centres of the brain are constantly giving off rhythmical stimuli 
to the respiratory muscles in virtue of their inherent rhythm. 



Fio 136 —Chart sliowiiig percontago altera- 
tion in rate of respiration Ul/M), total 
ventilation oftho lungs (L/M), and depth 
of each respiration (CC/K) during the 
couise of an experiment in which pul- 
monary embolism was produced in a goat. 
The zero lino represents the normal for 
each factor, and variations in each are 
recorded in percentage terms of the 
normal, so as to make all comparable. 
As the percentage rise in rate exceeds the 
percentage rise in ventilation, the depth 
of breathing falls below the normal. (J. 
S Dunn.) 
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Recently this view has hecii strongly supported by Adrian, who 
lias found that if electrodes are placed on the brain riunoved 
from a goldfish, groujis of electrical impulses muy lie recorded 
which correspond in rate to gill movements. In the fish these 
corres]:)ond to respiratory movements. 

This experiment appears to supply the hitherto unobtainable 
proof that the brain can set up rhythmical impulses for respiration in 
the absence of receipt of afferent impulses. Hitherto it has not been 
possible to obtain evidence of respiratory activity without making 
use of some respiratory movement which in itself may be the origin 
of afferent impulses. In the mammal it is also impossible to cut off 
all afferent stimuli without so injuring the blood supply that the 
brain dies, for the central respiratory mechanism dies rapidly when 
the blood supply ceases. 

The Effect of Higher Centres. — Krogh pointed out that at the 
onset of exercise the increase in total ventilation may be immediate, 
and may take place before any chemical changes could have occurred 
in the blood. This may bo shown by causing an individual to work 
a stationary bicycle with an electro-magnetic brake the strength of 
which can be altered without the knowledge of the subject. With 
an increase of load, the subject’s respiration is at once augmented ; 
but not only so, for a similar augmentation occurs if he sees the 
switch being moved and thinks the loading current has been thrown 
in. The initial increase in total ventilation would therefore appear 
to be effected by the higher regions of the brain. 

In connection with the relative importance of the nervous and 
chemical factors in breathing, it was at one time held that if the 
vagi were cut carbon dioxide could not cause an increased rate of 
respiration. Scott, the author of this view, has now withdrawn it 
since further experiments have proved it to be untenable. Even 
when these nerves are divided, an increase in rate can be 
produced by causing the animal to re-breathe its own expired 
air provided all other sensory stimulation has been avoided 
(McDowall). 

To sum up : — In a normal respiration the chemical and nervous 
factors would therefore appear to be related somewhat as follows: 
The inspiratory centre is stimulated to a degree depending on the 
gaseous content of the blood, but the movement is cut short by an 
inliibitory impulse passing up the vagus, only to begin again when 
the effects of this inhibitory impulse are removed. 

The First Inspiration. — During foetal life the need of the 
embryo for oxygen is small, and is amply met by the transference 
of oxygen from the maternal blood through the thin walls of the 
foetal capillaries in the placenta. But when the child is born, this 
source of oxygen is no longer available, the increasing venosity of 
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the blood stimulates the respiratory centre to action, and is the 
essential cause of the first inspiratory efforts the new-born child 
makes to obtain the oxygen it requires. It is said that if the 
placental circulation is stopped while the child is still in uterOy 
respiratory efforts are also made. Some regard the action of the 
air on the body surface as an accessory cause of the first respirations, 
and it is the practice to increase this in feeble children by 
stimulating the cutaneous nerves by the application of cold water 
to the skin. Such treatment always causes deep inspirations, even 
in the adult. 

Inhibition of respiration may bo brought about in several ways : 
for instance, stimulation of the central end of the glossopharyngeal 
inhibits the respiratory movements for a short period ; this accounts 
for the very necessary cessation of breathing during swallowing. 



Fio 137 —Stetbograph tracing of CheyTie-St(ikes respiration ui a man The time is 
marked lu seconds (Pembrey and Allen.) 


Stimulation of the central end of the cut superior laryngeal nerve 
or vagus nerve, or of its terminations in the mucous membrane 
of the larynx, as when a crumb is “swallowed the wrong way,” 
produces an increase of expiratory efforts, which culminate in 
coughing. 

Breaking-Point. — The time whiclutl^e breath can be held depends 
on the accumulation of carbon dioxide in the blood. Usually the 
breaking-point is reached when the carbon dioxide in the alveoli 
has reached 7 per cent. If, however, the individual re-breathos his 
own expired air, and does not cease respiratory movements, it is 
found that breaking-point is much later; indeed, in some deter- 
mined persons, unconsciousness may occur first. The cause of 
this is not quite certain but it seems that holding the breath 
causes much greater oxygen lack to the tissues than re-breathing, 
because the circulation is impeded by the loss of the respiratory 
pump. 
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Chejrne-Stokes Respiration. 

This is a condition in which the breathing waxes and wanes 
(fig. 137). Tt is an exaggeration of the type of respiration which is 
often seen during sleep in perfectly healthy people. It may be 
induced in normal persons if they make themselves pant violently 
for 1-2 minutes. If then respiration is allowed to take its own 
course, there will first be a pause (apnoea), then Cheyn e-Stokes 
respiration will be set up. The groups will become less and 
less distinct, and respiration will ultimately become normal. The 
explanation is as follows: — 

The panting causes an undue amount of carbonic acid to bo 
swept out of the body, with the result that the carbonic acid tension 
in the blood and in the tissues sinks to perhaps a quarter or a third 
of its usual value. Already we have seen that carbonic acid is an 
active stimulant to the respiratory centre, and its removal causes 
respiration to cease, hence the apinea. But during the apnoeic period 
the arterial blood becomes less and less oxygenated. This causes the 
respiratory centre to become unduly irritable, so that when carbon 
dioxide does accumulate it over-stimulates the centre and causes 
itself to be washed out again; another period of apnoea or of 
reduced respiration is then produced. Choyne- Stokes breathing is 
dependent, therefore, on oxygen-want. 

“ If from any cause, such as cerebral haemorrhage or circulatory 
failure, the circulation through the respiratory centre is interfered 
with, or if the absorption of oxygen is interfered with by such causes 
as diminished barometric pressure or pathological conditions in 
the lungs, the occurrence of periodic or Cheyne-Stokes breathing 
becomes easily intelligible,” — (Haldane and Douglas ) 

Researches by Roberts and by Mellanby and Huggett seem to 
show the presence of vasomotor changes in the medulla which 
cannot be ignored as a factor in Cheyne-Stokes respiration. 

Pathological Cheyne-Stokes respiration may be removed by 
administration either of oxygen or of carbonic acid. 


Special Respiratory Acts. 

Coughing . — In the act of coughing there is first of all a deep 
inspiration, followed by an expiration; but the latter, instead of 
being easy and uninterrupted, as in normal breathing, is obstructed, 
the glottis being momentarily closed by the approximation of the vocal 
cords. The abdominal muscles, then acting strongly, push up the 
viscera against the diaphragm, and thus make pressure on the air in 
the lungs until its tension is sufficient to open noisily the vocal cords 
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which oppose its outward passage. In this way considerable force is 
exercised, and mucus or any other matter that may need expulsion 
from the air-passages is quickly and sharply expelled by the out- 
streaming current of air. The act is a reflex one, the sensory surface 
which is excited being the mucous membrane of the larynx, and the 
superior laryngeal nerve is the afleront nerve ; stimulation of other 
parts of the respiratory mucous membrane will also produce cough, 
and the point of bifurcation of the trachea is specially sensitive. 
Other sensory surfaces may also act as the “ signal surjace ” for a 
cough. Thus, a cold draught on the skin, or tickling the external 
auditory meatus, in some peojile will set up a cough. 

Sneezing. — The same remarks that apply to coughing are almost exactly 
applicable to the act of sneezing ; but, in this instance, the blast of air, on 
escaping from the lungs, is directed, by a contraction of the pillars of the fauces 
and descent of the soft palate, chiefly through the nose, and any oflFending matter 
is thence expelled. 

The “signal surface ” is usually the nasal mucous membrane, but here, as in 
coughing, other causes (such as a bright light) will sometimes set the reflex going. 

Hiccough is an involuntary sudden contraction of the diaphragm, causing an 
inspiration which is suddenly arrested by the closure of the glottis, causing 
a characteristic sound. It usually arises from gastric irritation. 

Snoring is due to vibration of the soft palate. 

Sobbing consists of a series of convulsive inspirations at the moment of which 
the glottis is partially closed. 

Sighing and Yawning are emotional forms of inspiration, the latter associated 
with stretching movements of jaws and limbs. They appear to be efforts of 
the nervous system to correct, by an extra deep insjiiration, the venosity of the 
blood due to inactivity produced by ennui or grief. 

There are many other abnormalities of the respiratory mechanism which will 
become familiar to the student of medicine during his clinical studies. We may 
mention, as an example, laryngismus stridulus (the spasmodic croup of children). 
This is a nervous affection due to increased reflex irritability of the laryngeal 
mechanism ; the fits of suffocation are produced by tonic spasm of the adductor 
muscles of the glottis, such as may occur m rickets and which really is a laryngeal 
manifestation of tetany. 


Artificial Respiration. 

In experiments on animals in which it is necessary to open the 
chest, life can be maintained by pumping air into the lungs ; this is 
done by means of some form of pump or bellows, the delivery tube 
of which is connected to the trachea by a cannula, a side hole 
in which provides for the escape of the expired air. A bottle 
containing the anaesthetic is placed on the course of the delivery 
tube. 

Artificial respiration is sometimes necessary in man to restore 
normal breathing, as for instance in those who are apparently dead 
from drowning. In such cases speed in commencing the artificial 
breathing, and perseverance in continuing the process are essential. 
Many have been restored to life after the efforts have been continued 



274 


RESPIRATION 


[CH. XVIII 


for an hour or more. It is now recognised that of the numerous 
methods for performing artificial respiration, that introduced by 
Sharpey-Schafer is the simplest, least injurious, and most effective. 
The subject is laid on the ground in the prone position, with a 
thick folded garment under his chest. This position facilitates the 
flow of water from the mouth which should be freed of all obstruc- 



FiG. 188.— This illustrates the two principal positions A and B in performing Schafer’s method 
of artificial respiration. Reproduced by permission of Sir E. Sharpey-Schafer and the 
National Life Saving Society. 


tions, mud, weeds, etc. The operator kneels by his side or athwart 
him facing his head, and places his hands on the smaTPof^lKe 
patient’s back. He slowly throws the weight of his body forwards, 
and thus presses upon the abdomen of the subject, and forces air out 
of the lungs (fig. 138, a); he then gradually relaxes the pressure 
by bringing his body up again, but without removing his hands 
(%. 138, b). Sharpey-Schafer insists on the point that the driving 
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upwards of the diaphragm ])y the pressure in the abdomen is more 
important tlian attempting to push up tlie ribs. This is repeated 
regularly at the rate of twelve to liftecn times a minute until normal 
respiration begins, or until all hope of restoration is given up, but 
while the heart beats there is liopc. 

It cannot, however, be over-emphasised that the important thing 
about artificial respiration is to get begun, for every second’s delay 
makes recovery less likely. On the operating table during a surgical 
operation it may not be convenient to turn the patient on his face, 
but adequate respiration may be obtained by gentle rhythmical 
compression of the abdomen or by pulling up the ribs by means of 
the arms. Almost any method gives a ventilation equivalent to the 
normal tidal air. 


Mechanical Artificial Respiration. 

The prevalence of anterior poliomyelitis (infantile paralysis), 
which may lead to paralysis of the medulla, has necessitated the 
introduction of a variety of mechanical methods by whhdi artificial 
respiration may be continued for prolongtnl periods. The chief method 
in use is that of Drinker, in which the patient’s chest and abdomen 
are enclosed in an airtight cham])er in which a negative pressure 
can be pi’oduced rhythmically. In other methods the chest or 
abdomen are rhythmically compressed. 


Ventilation. 

Some observers have stated that certain noxious substances are 
ordinarily contained in expired air which are much more poisonous 
than carbonic acid, but careful research has failed to substantiate 
this view. If precautions be taken by absolute cleanliness to 
prevent admixture of the air with exhalations from skin, teeth, 
and clothes, the expired air contains only one noxious substance, 
and that is carbonic acid. 

An adult gives off about 0'6 cubic feet of carbonic acid per hour, 
and if he is supplied with 1000 cubic feet of fresh air per hour, he 
will add 0‘6 to the OA cubic feet of carbonic acid it already contains; 
in other words, the percentage of that gas will be raised to 01. An 
hourly supply of 2000 cubic feet of fresh air will lower the percentage 
of carbonic acid to 0’07, and of 3000 cubic feet to 0 06, and this is 
the supply which is usually recommended. In order that the air may 
be renewed without giving rise to draughts, each adult should be 
allotted sufficient space in a room, at least 1000 cubic feet, but 
this is seldom possible. 
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Leonard Hill considers that since the carbon dioxide even of a 
stuffy room seldom rises above 0 1 per cent, a leyel which is readily 
dbinpensated by an impercejitible increase in respiration, the effects 
of bad ventilation arc not so much due to changes in the chemical 
composition of the air, as to the absence of movement in the air; 
moving air has a stimulating, and still air a depressing effect 
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CHAPTEK XIX 


THE RELATION OF RESPIRATION TO OTHER PROCESSES IN THE BODY 


The Effect of the Respiratory Movements on the Oirculation 


The main effect of respiration on the circulation is shown in the 
accompanying figure (fig. 139). It will be noticed that the arterial 
pressure rises with inspiration and falls with expiration, but tliat 



Fjg. 189 —Comparison of blood-pressure curve with curve of iutra-thoracic pressure (To be read from 
left to right.) a is the curve of blood-pressure with its respiratory undulations, the slower heart- 
^ beats on tlio descent being unusually well marked; h is the curve of intra-thoracic pressure 
obtained by connecting one limb of a manometer with the pleural cavity. Inspiration begins at i 
and expiration at e. (M. Foster.) 


the two events are not quite synchronous, the rise of pressure 
beginning a little later than the inspiratory act, and the fall a 
little later than the expiratory act. 

These variations are chiefly the result of the mechanical con- 
ditions dependent on the lungs and heart with its large vessels being 
contained within the air-tight thorax. If the intra-thoracic pressure 
is measured, it is found that it varies from —5 to —7 mm. of 
mereury at the end of expiration to —30 at the end of a deep 
inspiration; that is to say, from 5 to 7 to 30 mm. less than the 
atmospheric pressure (760 mm. of mercury). The pressure outside 
the heart and large thoracic vessels is correspondingly diminished 
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during inspiration to the same extent, and produces its main effect 
(distension) upon the veins and the right heart. At the same time 
there is a diminished resistance in the pulmonary circuit (Sharpey- 
Schafer), and lowered 2>ressure in the pericardium (Lewis) for similar 
reasons. To put the matter in a few words, when the chest cavity 
is enlarged in inspiration, not only is air sucked into the lungs but 
more blood is also sucked into the veins and so into the heart. In 
expiration the reverse occurs. The increased venous pressure sets 
up the Bainbridge riglit auricular reflex and the lieart-rate increases. 
This together witli tlie increased venous return increases the output 
from the right side of the heart, and thus via the pulmonary circuit 
the inflow into the left side of the heart is increased; in its turn, 
therefore, the output from the left ventricle rises, and so the aortic 
pressure is raised. This effect would be counteracted if the aorta 
and its branches within the thorax were as easily affected by changes 
of the intra-thoracic pressure as are the thin- walled and easily 
distensible veins; the thick wall of the aorta and its branches, 
however, prevents them from undergoing much change of this kind 
during ordinary breathing. The conditions in the veins are reversed 
when, with the expiratory act, the thorax returns to its former size ; 
therefore the arterial blood-pressure falls. 

The effect of inspiration on arterial blood-pressure is at first 
assisted by the pressure of the diaphragm, as it descends, on the 
abdominal veins, and blood is thus sent upwards into the chest by 
the vena cava inferior. On the other hand, this is to some extent 
counterbalanced by the obstruction in the passage of the blood down- 
wards in the abdominal aorta, but again the veins are the vessels 
more easily influenced by moderate changes in external pressure. 

We thus see that these various conditions produce during inspira- 
tion an increased flow of blood into the right heart ; this increased 
supply of blood is then passed via the pulmonary circuit to the 
left heart; this takes a little time; hence it is that the effect of 
inspiration in raising arterial pressure is not seen at the very com- 
mencement of the inspiration. In fact, in some animals which 
normally breathe very quickly (for instance, the rabbit), inspiration 
is over, and the next expiration has begun before the rise of blood- 
pressure occurs. By making a rabbit breathe slowly (Fredericq 
accomplished this by cooling the medulla oblongata), the record 
obtained is similar to that which is taken from an animal like a 
dog, which normally breathes slowly. 

Artificial respiration performed by means of a pump which forces 
air into the chest produces converse undulations in blood-pressure; 
each blast of the pump increases the pressure in the lungs and in 
the chest and causes a reduction in the output of the heart, like the 
normal expiratory act. 
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Valsalva's Experiment . — In speaking of the effects of expiration, 
we have considered only ordinary quiet expiration. With forced 
expiration, there is considerable impediment to the circulation ; this 
is markedly seen in what is called Valsalva’s experiment. Tliis con- 
sists in making a forced expiratory effort with the mouth and nose 
shut ; the effects are most marked in people with an easily compres- 
sible thorax. By such an act the intra-thoracic and abdominal 
pressures rise so greatly that the outlets of the veins of the limbs, 
head, and neck into the thorax are blocked. At first, the blood in 
the lungs is forced out; this produces a slight rise of arterial 
pressure ; but soon, if the effort is continued, the lungs are emptied 
of blood, the filling of the right heart is opposed, and the blood is 
dammed back in the peripheral veins, where the pressure rises to the 
mean'^^arterial pressure. The arterial pressure begins then to fall; 
but before any considerable fall occurs, the expiratory effort ceases 
from exhaustion of the experimenter, and a deep inspiration is taken. 
During this inspiration, the blood delivered by the right heart is all 
used in the filling of the comparatively empty pulmonary vessels; 
thus several beats of the left ventricle become abortive, and produce 
no effect on the systemic arteries ; the face blanches, and the subject 
becomes faint from cerebral anaemia. The alteration of the pulse 
i^hicfi occurs 'ill Valsalva’s experiment may be shown graphically by 
the sphygmograph. 

Asphyxia. 

Asphyxia may be produced by anything which prevents adequate 
aeration of the blood. If the cause of the asphyxia is not due to 
the failure of respiration itself, as in damage to the medulla, the 
symptoms of asphyxia may be roughly divided into three stages: 
(1) the stage of exaggerated breathing (hyperpnoea) passing into 
dyspnoea; (2) the stage of convulsions; (3) the stage of exhaustion 
or collapse. 

In the first stage the breathing becomes much deeper than usual, 
inspiration at first being especially exaggerated and prolonged. The 
muscles of extraordinary inspiration are called into action, and the 
effort to respire is laboured and painful. This is soon followed by 
a similar increase in the expiratory efforts, which become excessively 
prolonged, being aided by all the muscles of extraordinary expira- 
tion. During this stage, which lasts a varying time from a minute 
upwards, according as the deprivation of oxygen is sudden or gradual, 
the lips become blue, the eyes are prominent, and the expression 
intensely anxious. This stage is due to the powerful stimulation 
of the respiratory centre by the increasingly venous blood. 

In the second stage, which is not marked by any distinct line of 
demarcation from the first, the violent expiratory efforts become 
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convulsive, and then give» way, in men? and[ other warm-blooded 
animals, to general muscular convulsions, which arise from the further 



stimulation of the centres in brain and cord by venous blood.' 'The 
convulsive stage is a short one, and lasts less than a minute. 

The third stage is that of exhaustion. In it the respirations all 
but cease, the spasms give way to flaccidity of the muscles, there is 
insensibility, the conjunctivae are insensitive and the pupils are 
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widely dilated. Every now and then a prolonged sighing inspiration 
takes place, at longer and longer intervals, until breathing ceases 
altogether, and death ensues. During this stage the pulse is 
scarcely to be felt, but the heart may beat for some time after the 
respiration has stopped. The condition is due to the gradual 
paralysis of the centres by the prolonged action of the venous blood. 
This stage may last three minutes and upwards. 

The changes which occur in the circulation are also characteristic. 
In anocsthetised animals the arterial and venous pressures rise above 
the normal during the first stage (lig. 140) ; this is due to stimulation 
of the vasomotor centre and of the sympathetic leading to cardiac 
acceleration which, together with the increased venous pressure, causes 
an increased cardiac output (Mathur). This latter feature may 
not, however, show if the heart has already been accelerated or if 
the sympathetic has been depressed by the amesthetic. There is 
also no doubt a secretion of adrenaline which acts both on the heart 
and blood-vessels. If the vagi are not divided previously, the rise 
of pressure is much less, and as the asphyxia proceeds the cardiac 
acceleration is replaced by cardiac slowing: this enables the heart 
to last longer, and is due to excitation of the cardio-inhibitory centre 
by venous blood. Tlie final fall of blood-pressure is due to cardiac 
failure and to the dilator effects of carbon dioxide on the internal 
peripheral vessels. Later the vasomotor centre dies. 

It should be noted that similar central effects are produced by 
asphyxia of the head only even if artificial respiration is kept up. 
The late slowing of the heart is an important diagnostic sign of 
asphyxia of the brain in cerebral injuries. 

After death the right side of the heart and the great veins 
are engorged with venous blood, while the left side and the 
arteries are empty. This is the result of the failure of the heart 
as a pump, and of the contraction of the smaller arteries and 
skin capillaries wliich together cause the enormous rise in venous 
pressure. 

The Relation of Respiration to Nutrition. 

The gaseous interchanges in the lungs constitute what is fre- 
quently termed external respiration. Oxygen obtains an entrance 
into the blood, and is carried to the tissues in the loose compound 
known as oxyhscmoglobin. In the tissues, this compound is dis- 
sociated, and the respiratory oxygen is utilised by the tissue elements 
for the combustion processes which occur consequent on their 
activity. Of the ultimate products, carbonic acid and a portion of 
the water find an outlet by the lungs, to which they are transported 
by the venous blood. The gaseous interchanges in the tissues con- 
stitute what is known as internal or tissue respiration. 
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Tissue Respiration. — External or pulmonary respiration is much 
less obscure than tissue or internal respiration. It must be borne in 
mind, however, that pulmonary respiration is but the means, and 
tissue respiration is the end. 

Tissue respiration consists in tlie passage of oxygen from the 
blood of the capillaries to the cells of the tissues, and the passage 
of carbonic acid in the reverse direction. This gaseous interchange 
is no doubt brought about by a simple process of diffusion. The 

oxygen passes out of the plasma 
of the blood through the capil- 
• Blood lary wall, and then through the 
Lymph^ - 4 lymph until it reaches the cell in 
jscieFibrg wliich it is to be used, which we 
will suppose is a muscle - fibre 
Fio 141. (fig. 141). In order that a con- 

stant stream of oxygen may pass 
from the blood to the fibre, there must bo a difference of oxygen 
pressure between the oxygen dissolved in the plasma, and that 
dissolved in the lymph, and the latter must be at a greater 
pressure than that dissolved in the muscle-fibre. The amount 
of oxygen which passes will, other things being equal, be directly 
proportional to these pressure differences, and as the amount varies 
greatly at different times, it is obvious that the pressure differences 
also vary greatly. When the muscle is at rest, the oxygen pressure 
in the capillaries is very near to that in the muscle-fibre ; when the 
muscle is active and using large quantities of oxygen, the intra- 
muscular oxygen is reduced and oxygen enters the muscle. 

The tension of oxygen in resting tissue has been calculated 
as being about 19 mm. of mercury; from this it may vary down 
to zero or up to 35 mm. according to the activity of the tissue. This 
tension may be investigated by injecting a bubble of nitrogen into 
the tissue and subsequently withdrawing and analysing the bubble 
which gets into gaseous equilibrium with the tissues. Within the 
limits indicated the rate of diffusion can be increased by the drop in 
the tissue oxygen pressure. 

From what has been said regarding the effect of carbon dioxide 
and acids in. reducing the amount of oxygen held by the blood it may 
he deduced that the capillary oxygen pressure will be raised by the 
increased quantity of acid which is thrown into the blood as the 
result of muscular activity. The following diagram (fig. 142) shows 
the extent, both in degree and time, of this pouring of acid into the 
blood as the result of a short tetanic contraction of a muscle. 

In glandular structures the oxygen pressure is higher than 
in muscle; probably /owing to the relatively more copious blood- 
supply of glands, equilibrium is more readily established between 
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the blood and the gland cells, the oxygen pressure in the cells being 
almost that present in venous blood. 

The quantity of oxygen used by different tissues varies not only 
with the degree of their activity, but also with the nature of the 
tissues. On the whole it may be said that, weight for weight, 



iO 30 30 70 90 HO 130 150 170 190 210 230 250 270 290 

— ► Time in seconds. • 


Fig. 142.— The black area represents the lactic acid thrown into the blood during the time following 
a tetanus that lasted 84 seconds ; the work done by the muscle was 70 gramme-centimetres ; the 
total quantity of lactic acid formed was O'OOS gramme. The figures on the vertical line represent 
fractions of a gramme of lactic acid per second. 

glandular tissue uses most oxygen ; next in order come the 
muscular tissues, and last of all, the connective tissues. There are 
some important tissues, notably the nervous system, about which little 
is known in this connection. The amount of oxygen used by an organ 
or tissue per gramme per minute is called its coefficient of oxidation, 
which is calculated after weighing the organ, ascertaining the 
amount of blood which flows through it in a given time, and by 
finding the difference in oxygen content of the blood arriving at and 
leaving the tissue. 

Rdation of Tissue Respiration to Functional Activity. — In all 
organs increased activity is accompanied by increased oxidation. 

Much interest is centred in the question of the order of time 
in which these events take place. The matter has been investigated 
in skeletal muscle and in the submaxillary gland (iig. 143), both 



Fig. 148.— The black-white line represents rate of salivary secretion in o.c. per minute. S— Sybase 
lino for saliva. Black area = oxygen used by the gland. 0— 0=oxygen base line. 


of which organs can be thrown into profound activity for a short 
space of time; in each, most of the oxidation follows on the activity, 
and not the activity on the oxidation. The important .inference is 
drawn that neither the contraction nor the secretion is caused by 
the oxidation in the sense that the machinery of a locomotive is 
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driven hj the energy derived from the oxidation of the coal , rather 
is the mechanism like that of a spring which is liberated at the 
moment of doing the work, and has to bo rewound subsequently; 
the process of rewinding involves oxidation (see Muscle). In muscle 
we have seen that tlie heat-formation which occurs in the period 
following activity takes place only if the muscle is supplied with 
oxygen. The output of carbonic acid, in its turn, follows the intake 
of oxygen. The order of events is therefore: (1) increase of 
functional activity ; (2) increase of heat formation and oxygen taken 
in ; and (3) increase of carbonic acid output. 

The table below sliows the coedicients of oxidation for resting 
organs, and the extent to which they are increased in activity. In 
many cases the quantitative relationships have not been worked out 

Kecent research on the heart has shown that if N is the numb^^ 
of beats per minute, T, the maximum blood-pressure which is attain. 


NxT 

at each beat, and 0, the amount of oxygen used ; then —tv— is a 


constant quantity, unless the cardiac muscle is itself rendered less 
elhcient, as may be done by the use of drugs. This is in agreement 
with a series of researches on the heat given out by frog’s muscle, 
which shows tliat the heat given out in a single contraction varies 
directly with the l^ension in the muscle. 


Organ. 

Couflitiou of Rest 

Oxygon U80(l 
per ininuto 
per gramme 
of organ 

Condition of 

Activity 

Oxygen used 
per minute 
per gramme 
of organ 

Voluntary 

muscle. 

Nerves cut. 

Tone absent. 

O’OOS c.‘c. 

Tone existing in rest. 
Gentle contraction. 
Active contraction. 

0’006 c.c. 
0‘020 c.c. 
0*080 c.c. 

Unstriped 

muscle. 

Resting. 

0'004 c.c. 

Contracting. 

0-007 c. 

Heart. 

Very slow and 
feeble con- 
tractions. 

0'007 c.c. 

Normal contraction. 
Very active. 

0-05 c.c. 
0-08 c.c. 

Submaxillary | 
gland. j 

Nerves cut. 

0'03 c.c. 

Chorda stimulation. 

0-10 c.c. 


The Mechanism of Oxidation. Glutathione. — The phenomenon of oxida- 
tion (auto-oxidation) in the body is one of the most important aspects of metabolism, 
and the fact that it occurs with ease at the temperature of the body is not the least p 
surprising circumstance. Investigators have therefore attempted to explain the 
mechanism concerned. 
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One view (Traube’s) is that the formation of peroxides is the essential part of 
the process. This was at a time when the conception of “oxygen carriers ” was 
formulated. The theory supposes Ih.at oxygen in the molecular form can unite with 
these carriers with the production of .superoxides ; while water is necessary in such 
reactions, it is likely that hydrogen peroxide (ILO.^) is not the principal superoxide 
responsible for bio-chemical oxidations. In living tissues it is assumed that there 
exist, in a non-stable condition, substances which arc capable of removing the 
cxygen from the oxy-hmmoglobin of the blood. Such union yields peroxides 
which in their turn possess marked oxidising properties; 

Wieland, however, postulateii ijuite a dilferent , View of the mechanism of 
dation. He regards oxidation as essentially removal of hydrogen, and reduction 
the addition of this element. On this theory it is the hydrogen and not the 
ygen which is the active element, and further a catalyst (enzyme) is necessary to 
nfer lability on the hydrogen atom. This reactive atom can then combine with 
1 acceptor y" whu'h may be molecular oxygen or soi/ie easily reducible substance 

, methylene blue or yalladium black). 

^n the oxidation of an aldehyde the reac^hm rv'^® : — 

O Oli 

^ / 

R.C -> R.C-OH — > R.COOllfH., 

\ \ [Acid 1 

H H 

[Aldehyde ] 

If such a reaction is to run to completion (quantitative formation of acid) the 
hydrogen liberated must be removed as it is formed. This is effected by the 
** hydrogen acceptor.'" The substance which yields the hydrogen is termed a 
hydrogen donator" and in enzyme reactions the enzyme itself plays the part of a 
** transportase." This attractive theory does not cover all known bio-chemical 
oxidations and reductions. 

A great deal of attention has been devoted to the study of an interesting 
tripejitide discovered by Hopkins in 1921 and known as glutathione. This is 
thought to play an important part in oxidation by acting as a hydrogen acceptor. 
It is present in all tissues in which oxidation processes are proceeding, but it is 
not present in quiescent tissues, such as eggs, until they are incubated for thirty-six 
hours. 

As a test for glutathione, sodium nitro-prusside may be used in the presence of 
alkali, preferably ammonia. Thus a piece of liver or other tissue (fresh, dried, or 
after grinding with sand) is placed in 5 c.c. of saturated ammonium sulphate 
• 'lution, 2 or 3 drops of 5 per cent, nitro-prusside with excess of ammonia are 
. led, and the tissue becomes deep magenta in colour. The colour is due to 
the presence of the sulph-hydryl group ( - SH). 

It appears probable that a number of pigments found in the tissues of aerobic 
organisms also play a part in oxidation, especially the cytochromes with iron- 
containing luematin compounds. This is considered to act together with 
Warburg’s “respiratory enzyme” which is also an iron-containing substance 
It brings about the rapid oxidation of cytochrome, and it is thought that in 
the bo(ly it acts in this way, for the cytochrome is not oxidisable by molecular 
oxygen althoagh rapidly oxidised in the tissues. All such oxitlation is paralysed 
by HCN and CO. 

The Total Gaseous Exchange. — This depends entirely on the 
needs of the body, and, as pointed out by Haldane, it is important 
to remark that the muscles control respiration just as they do the 
circulation and arrange, largely by virtue of the carbon dioxide 
tind lactic acid they produce, that their needs are provided for. In 
each instance their requirements may be anticix)ated by the effect of 
the higher centres, but this is not essential. 
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At rest the oxygen intake of an average man is 200-400 cc. 
per min , but this varies according to the work done and many other 
factors. (See JUsal Metabolism.) 

The Respiratory Quotient — This is tlie ratio between the 
an^ount of carbon dioxide given out and the amount of oxygen 
CO 

retained, i.e. Th^ amounts of these gases in the expired air 

and inspired air are h *en in the following table, which gives 
average figures : — 



luspired Air 

Expired Air. 

Oxygen . 

f ■ Y 

J6 vt’^>. per cent. 

16 03 vols. per cent. 

Nitrogen 

79 

79*57 „ 

Carbonic acid 

0*04 „ 

4-4 

saturated 

Water vapour . 


Temperature . 

variable | 

that of body (37° C.) 


It is seen that about 5 volumes of oxygen have been taken up 
while 4*5 volumes of carbon dioxide have been given off. In this 
instance the respiratory quotient is 0 9, but the figure pay vary 
somewhat according to circumstance. 

If carbohydrate only is being burnt in the body, e.g. glucose 
(CgHjgO^j), all the oxygen taken in appears as carbon dioxide (COg) 
in the expired air, since the carbohydrate itself contains sufficient 
oxygen to oxidise its own hydrogen. The respiratory quotient is 
therefore I'O. 

If, however, fat is burnt, e,g. tristeariii (CgylliioOg), oxygen is 
also necessary to oxidise the hydrogen to water (H 2 O). Thus the 
amount of oxygen retained becomes relatively larger than that of 
the carbon dioxide expired — and the respiratory quotient becomes 
less than unity. The respiratoy-'-quotient may therefore be used 
to indicate the relative amounts of fat and carbohydrate which are 
being used as fuel in the body. Protein gives a respiratory quotient 
of about 082, ie. between fat (0 7) and carbohydrate (1‘0), and there- 
fore does not influence the total respiratory quotient appreciably. 

In the above table the nitrogen content of the sample of air is obtained by 
subtracting the amount of O + CO .2 from 100, but for reasons just given the O + CO .2 
expired is not equal to the amount inspired, and the amount of nitrogen expired 
appears larger than that inspired. In more accurate work this is taken account of, 
ana the actual amount of oxygen inspired for each 100 c.c. of air expired is found 
79*57 

thus: 20*94 x This divided^ into the CO.j expired is known as the corrected 

respiratory quotient. 

Oxygen Debt. — During severe exercise it is impossible for an 
individual to take in as much oxygen as is needed for the exercise, 
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and, as wo have already seen in relation to the chemistry of muscadar 
contracjtioii an oxygen debt is contracted. Lactic acid is })i()diiced 
and lactates are formed hy its action on the bicarl )oiiatos. i\fter the 
exercise the debt gets repaid, the lactates becoming oxidised. This 
shows itself by the imn-cased oxygen consumptirm which c.ontinnes 
for a considerable period after the exercise has (teased, i.e tlie 
recovery period. Thus we see that the facts which liave lieen found 
in relation to isolated muscle apply also to the body as a whole. 

The Blfect of Elxercise on the Respiratory Quotient.— During severe 
exercise it is found tliat the respiratory (quotient nmy rise above unity. This is 
considered to be due to excessive stimulation of the respiratory centre by afferent 
impulses and partially to carbon dioxide being liberated from the bicarbonate of 
the blood by lactic acid. When the exercise cea.ses the respiratory quotient rises 
abruptly and may even reach 2 as a result of the cessation of the hypcrpna*a. 
Gradually, however, the ojiposite state of affairs occurs. The lactate in the blood 
gradually undergoes oxidation during the recovery and alkali is set free. Carbon 
dioxide is now rebiined to form bicarbonate so to inainbiin the acid-base eipiilibrium 
of the blood and the respiratory quotient falls below 1. 

Ilill, Long, and laipton have collected the expired air during the exercise and 
the reroven/ period, and it has been found that the respiratory quotient for the total 
excess metabolism of exercise lis exactly unity, a fact which goes to indicate that 
in exercise carbohydrate is the fuel used. In prolonged exercise a fall in this 
respiratory quotient suggests the use of fat. 

Local Oxygen-Want. 

This may occur if there is obstruction to the lilood-supply of or 
venous return from an organ. If duo to arterial ohstriictioii or to 
S'uiple pressure, gangrene or death of tlie part rapidly ensues unless 
collateral circulation is estahlislwd ; if due to venous obstruction, 
the vitality is impaired and, until the hhjod has found some other 
route of return, marked swelling of the part, as the result of 
increased permeability of the impaired capillaries, is evident. 

General Oxygen-Want. 

Barcroft in describing the methods by wliich oxygen-want may 
bo produced has adopted a homely simile. He compares oxygen- 
want to failure of the milk supply. It may be due to three 
causes: 1. There may not be enough milk at the dairy. 2. The 
milk may be adulterated so that what is sold is not milk. 3. The 
milkman may not call. In 1, the ajnoxic type, the blood is normal 
but does not take up sufficient oxygen in the lungs. Usually this 
is duo to failure of tlie respiratory mechanism. In 2, the amemic 
type, the blood is deficient in hoemoglobin and cannot carry oxygen. 
This occurs in coal-gas poisoning and in amemia. In 3, the stagnant 
type, there is faulty transport of normal blood which ma}^ contain 
the normal amount of oxygen. This variety is due to a failure in 
the circulation. 

K 
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Each of tliose varieties is met witli in patients and usually leads 
to IneatldessiiesH if the faidt is not due priiuai’ily to failure of 
the respiiatory (jentre. The treatment of general aiioxaunia is, 
however, of guial- practical im[»ortancc as the condition rapidly leads 
to tissue destruction and death if allowed to persist. 

One of the most dramatic varieties of oxygen- want is that 
produced when a man descends into a well filled with gas which 
IS not of itself harmful. The onset of unconsciousness is sudden 
and without warning, exactly as occurs when the blood-supply to 
the hrain is cut off. The breathing of pure nitrogen or any gas 
other than oxygen produces a similar result. In ascent to a high 
altitude the onset of tlie oxygen-want is more gradual (see below). 

Breathlessness or Dyspnoea may be produced by one or botli 
of two causes: — (1) Alterations in tlie stimuli which play on the 
respiratory centre, and (2) alterations in the instability of the 
centre itself. The rosi)iratory centre does not escape the infiuence 
of factors which exalt or depress the excitability of the medulla 
generally, for example, the great increase of carbonic acid which 
occurs in the blood under the influence of morphine is no doubt due 
to depression of the wliole brain, including the respiratory centre. 
But recent investigations have been more jiarticularly directed to 
the part played by changes in the stimuli which affect the centre. 

The commonest physiological cause is exercise, which increases 
the amount of CO^ in the blood, but increased respiratory activity 
like increased lioart rate may precede the exercise through the effect 
of the liigher centres. In sustained or severe exercise, the efibet 
of 00.2 enhanced by the production of lactic acid. If the exercise 
is prolonged the well-known phenomenon of second wind occurs. 
This appears to be in part the result of a more economical use of 
the muscles and the lessened production of carbon dioxide since it 
has been found that at this stage there is a fall in the alveolar COg. 
By this time the circulation has also adapted itself to its task. 

It is important to remark, tliat anything wliich causes delay 
of the circulation, also causes increased respiration; since there 
is added to the action of the CO .2 in the arterial blood the effects of 
the CO., produced by tlie respiratory centre itself. In addition 
blood tends to accumulate in the lungs, the vital capacity is decreased 
and the exchange of gas in the lungs is mechanically interfered 
with. This occurs in some forms of cardiac disease. 

Breathlessness, it will be evident, is brought about by anything 
which reduces the resiiiratory quality of the blood, such as blood 
loss or the presence of abnormal acids, or by anything which 
causes faulty oxygenation of blood in the lungs. Whenever there 
is present any pathological state which tends to produce breathless- 
ness, this symptom is increased by exercise. 
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The extent, however, to wliicli exercise will produce dyspncca 
depends on training which makes it possible for tlie exercise to be 
carried out with greater economy {.second wind). 

Ascent to High Altitudes.— A study of the <lissociation curve of 
oxygen at low tensions indicates that at high altitudes the l)lood can 
take up very little oxygen. At the top of Mt. Everest (29,000 feet) 
where the barometric pressure is only 250 mm., although the atmos- 
pheric oxygen is still 21 per cent, this only represents a tension of 
about 50 mm., and in the alveoli the oxygen pressure is still less. 
Since the body at rest requires over 300 c.c. of oxygen per minute, 
it is evident that at suoli heights serious oxy^ji-want results 
and this is increased by exercise. At high altitudes the intense 
cold and carriage of kit are also serious handicaps. 

Mountain sickness occurs in untrained climbers at less thfin 
10,000 feet. Vomiting may occur; often there are bad headaches, 
sleeplessness, absence of self-restraint, recklessness, irritability, and 
an inability to carry out the more complex cerebral functions, such 
as arithmetical calculations. Such cerebral clianges have caused 
intrepid balloonists to continue to ascend until they died. The 
speed of the ascent is important. Thus those who go to the top of 
Pike’s Peak in Colorado (14,000 feet) by rail from the lower country, 
are more affected than those wlio go by stages 

Adaptation to high altitudes consists (1) in increased pulmonary 
ventilation, (2) increased heart-rate and cardiac output. A deficient 
supply of oxygen in the blood stimulates respiration rctlexly 
from the carotid and aorta and so produces increased pulmonary 
ventilation. This increases the tension of oxygen in the alveoli. 

Alvt^olar oxygon prossure 
Ol)sor\«d alvoolar which would liavo exiatod 
pioasuro of oxygen. had no adaptation 

taken place 

100 mm. 100 mm. 

62 „ 38 „ 

Tlie increased depth of respiration is (piite evidtmt in ordinary 
aeroplane ascents. 

(3) The other important method of adaptation is in the increase 
of corpuscles and hamioglobin, and consequently of the oxygen 


capacity of the blood, 
tissues is increased. 

In consequence 
/" 

Corpuscles per c.m 
in tnilhuns. 

the oxygen 

tension in the 


iriemoglobin valiy ^ capacity 

on ha-moglohinonieter of blood 

Sea-level .... 

4-9 

99 

830 c.c. 

After 1 week at 14,000 feet 

5*4 

115 

870 „ 

„ 2 

5-75 

120 

1040 „ 

3 

5-75 

121 

1060 „ 

„ 5 


121 

1028 „ 


Altitude. 

Sea-level . 
15,000 feet 
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II Iifis 1)0011 olisoi vod in animals that, in rcsixinso to tlio call for 
<)\\ ^on, tlun'ii is an incnnised activity of tho l)unc - marrow which 
])rovjd(‘S tho cor})u.sclos 

(4) JijocrGtion of Alkali hy the Kidney . — As a result of the increased 
breathing there is a reduction of the carbon dioxide in the alveolar 
air and consequently a fall in the carbon dioxide content of tho 
blood. This is liable to cause a reduction in the hydrogen-ion concen- 
tration of the blood and reduce the dissociation of oxyhamioglobin 
but it IS (iompeiisated for by an excretion of alkali by the kidney 
(see “ Acid J>aso Equilibrium 

It is then evident that considerable adaptation can occur. Indeed, 
in the Everest Expeilition of 1924 Somervell and Smythe reached 
a height of 28,000 feet without using stored oxygen, a height much 
in excess of what might be expected from the dissociation curve. 
Although the climbing was not steep they took ten breaths for 
each pace ahead. This shows that adaptation was really very 
incomplete. All the evidence from expeditions, however, indicates 
that man cannot live above 20,000 feet without deterioration shown 
in loss of weight and appetite, enfeeblemcnt of the heart and 
nervous symptoms, llabbits liave been kc})t in a low pressure 
chamber corresponding to a height of 30,000 feet for 8 days, but 
they all developed serious degeneration of internal organs. ]hits 
fed on a low protein diet, of carrots, show increased resistance 
(Argyll Eampboll). 

Traininy. — These facts indicate tlio importance of training for 
ascent to high altitude and of allowing sufficient time for the 
adaptations to take place. Experiments also indicate that it would 
be ])ossible to train to some extent before commencing the ascent 
and to find out which individuals are most suitable. 

Respiration at High Pressures. 

Prolonged exi)Osure to pressures of oxygen, equal to 1300 to 1400 
mm. of mercury, induces pneumonia, ami death rapidly follows. It 
is not possible, therefore, for men to work in air wliich is compressed 
to the extent of producing so great a pressure of oxygen 

Caisson Disease . — In work under water it is usual to sink an 
iron bell or caisson in which the men work and from which the 
water is excluded by pumping air in at a pressure higher than that 
of the water. The men enter through a chamber with double doors 
or “air-lock.” In this chamber the pressure can be raised or 
lowerect."' The pressure in the caisson rarely exceeds 4 atmospheres, 
which corresponds to about 600 mm. of oxygen; at this pressure 
the workers do not suffer whilst they are in the caisson, but grave 
symptoms may take place shortly after they have come out. Similar 
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symptoms are experienced by divers wlio come to tlie surface from 
great depths. The symptoms may take the form of paralysis, 
vomiting, severe alxlominal ])ain, vertigo, etc. Tliey are duo to the 
fact that the plasma and the tissue fluids have he(;ome saturated with 
oxygen and nitrogen at the pressure of the caisson, and wlien tlio 
])ressure is suddenly removed, minute bubbles, especially of nitrogcai 
(the oxygen being used), form throughout the body and injure such 
tissues as the spinal cord, or produce blockage of the vessels Short 
hours are necessary for caisson workers, for then the body has not 
time to get saturated with air at the caisson pressure, and in all erases 
‘‘ decompression ” must be gradual and slow ; this gradual ridcase 
from pressure is accomplished in the air-lock.” Tj. Hill, who intro- 
duced the method, advocates the use of high oxygen tension in the 
decompression chambers. 

The atmospheric gases are specially soluble m fat, fat people 
are therefore very siisceptihle to caisson disease, and should, in fact, 
be prohibited from labour in caissons. 

The Effects of Oxygen Excess. 

Tn view of tlu^ iin]Mjrtance of oxygem administration in high 
altitude Hying and in respiratory disease, it may be noted that 
()0 per emit oxygen can be breathed with safety for indefinite 
periods, but if pure oxygen is breathed, csiiecially at over 1 
atmosphere, pneumonia may occur 

Carbon-Monoxide Poisoning. 

The fatal cfrccts often produced by this gas (as in accidents from 
hurniiig charcoal stoves in small close rooms, or where there is an 
escape of coal-gas) are due to its entering into combination with the 
luemoglobin of the blood-corpuscles, and thus hindering their oxygen- 
carrying function. In an atmosphere containing both oxygen and 
carbon monoxide, the relative quantities of tlie two gases which the 
hsemoglohin will absorb var^^ witli the partial pressure of the 
gases. The affinity of luemoglohin for carbon monoxide is, how- 
ever, 250 times that for oxygen, and the compound formed — 
carboxyhsemoglobin — is much more stable than oxyhamioglohin 
is. If, therefore, any considerable quantity of carbon monoxide 
is present in the air, the luemoglohin will be almost completely 
charged witli carbon monoxide, and asphyxia will follow. If the 
■patient is given pure oxygen to breathe even at a late stage, two 
things will liappen : — (1) The blood will take up in siiiq)le physical 
solution about seven times as much oxygen as when exposed to 
air, and this may be sufficient to carry on life; (2) as regards 
the saturation of the haemoglobin, the balance is now in favour 
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of tli(^ oxyi^eo, relatively weak as its affinity for liaanoglobin is, 
and the carbon monoxide gradually becomes dissociated again and 
is excreted by the lungs In treating a patient so poisoned, there- 
fore, it is important to remove him to a good atmosphere as 
soon as ])ossiljle. In rescue apparatus it is now common to supply 
7 per cent, carlion dioxide with the oxygen. This stimulates the 
failing resjnration (Yandell Henderson, Drinker). 
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rilYSICAL CHEMISTRY AND ITS BEAKIN(J ON PHYSIOLOGICAL 
PROBLEMS 

The investigations of physical clicniists have given us now con- 
ce])tioii8 of the nature of solutions, and these have important bearings 
on the explanation of osmotic plienomena, and so are of importance 
in biological processes. 

Water is the fluid in which soluble materials are usually 
dissolved, and at ordinary temperatures it is a fluid the molecules 
of which are in constant movement; the liotter the water the more 
active are the movements of its molecules, until when at last it 
boils, the molecules leave the solution. Perfectly pure water con- 
sists of molecules with the formula HgO or some multiple of this ; 
these molecules undergo very little dissociation into their constituent 
ions, and it is for this reason that pure water is not a conductor 
of electricity. 

If a substance such as sugar is dissolved in the water, the 
solution still remains incapable of conducting an electrical current. 
The sugar molecules in solution are still sugar molecules ; they do 
not undergo dissociation. 

] 3 ut if a substance such as common salt is dissolved in the water, 
the solution is then capable of conducting electrical currents, and the 
same is true for most acids, bases, and salts. These substances do 
undergo dissociation, and the simpler materials into which they are 
broken up in the water are calle{i ions. Thus, if sodiuhi chloride 
is dissolved in water a certain number of its molecules become 
dissociated into sodium ions, which are charged with positive 
electricity, and chlorine ions, which are charged with negative 
electricity. Similarly, a solution of hydrochloric acid in water 
contains free hydrogen ions and free chlorine ions. Sulphuric acid 
is decomposed into hydrogen ions and ions of SO^. The term ion is 
thus not equivalent to atom, for an ion may be a group of atoms, 
such as SO4, in the example just given. 

Further, in hydrochloric acid, the negative charge of the 
chlorine ion is equal to the positive charge of the hydrogen ion; 
but in sulphuric acid, the negative charge of the SO^ ion is equal 

825 
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to the positive charge of two hydrogen ions. We can thus speak of 
monovalent, divalent, trivalent, etc., ions. 

Ions positively charged are called kat~io7is because they move 
towards the kathode or negative pole; those which are negatively 
charged are called an-io7is because they move towards the anode or 
positive pole. T\}g following are some examples of each class : — 

' Kat-ions. Monovalent: — H, Na, K, NH^, etc. 

•’ Divalent: — Ca, Ba, Fe (in ferrous salts), etc. 

Trivalent : — Al, Bi, Sb, Fe (in ferric salts), etc. 

.An-ions. Monovalent: — Cl, Br, I, OH, NOg, etc. 

, / > Divalent : — S, Se, SO., etc. 

Koughly speaking, the greater the dilution the more nearly 
complete is the dissociation, and in a very dilute solution of such a 
substance as sodium chloride we may consider that the number of 
ions is double the number of molecules of the salt present. 

The ions liberated by the act of dissociation are, as we have seen, 
charged with electricity, and when an electrical current is led into 
such a solution, it is conducted through the solution by the move- 
ment of the ions. Substances which exhibit the property of 
dissociation are known as '6lectrolytes. 

The liquids of the body contain electrolytes in solution, and it 
is owing to this fact that they are able to conduct electrical currents. 

This conception of electrolytic '^dissociation which we owe to 
Arrhenius is extremely important in relation to osmotic pressure, 
because the process of dissociation increases the number of particles 
moving in the solution, and so increases the osmotic pressure, for 
in this relation an ion plays the same part as a molecule. 

It has been shown also that living tissues are extremely sensitive 
to the nature and the concentration of ions in their environment. 
Some of these facts, which we owe largely to the work of Kinger and 
of TiOeb, we have already referred to in relation to the heart, amoeba, 
and cilia. 

Gramme-molecular Solutions. — From the point of view of 
osmotic pressure a convenient unit is the gramme-molecule. A 
gramme-molecule of any substance is the quantity in grammes of 
that substance equal to its molecular weight. A gramme-molecular 
solution is one which contains a gramme-molecule of the substance 
per litre. Thus a gramme-molecular solution of sodium chloride is 
one which contains 58 46 grammes of sodium chloride (Na = 23 00: 
Cl = 35 46) in a litre. A gramme-molecular solution of glucose 
(CgHigOg) is one which contains 180 grammes of glucose in a litre. 
A gramme-molecule of hydrogen (Hg) is 2 grammes by weight of 
hydrogen, and if this was compressed to the volume of a litre, it 
would be comparable to a gramme-molecular solution. It therefore 
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follows that a litre containing 2 grammes of hydrogen contains the 
same number of molecules of hydrogen in it as a litre of a solution 
containing 58*46 grammes of sodium chloride, or one containing 
180 grammes of glucose, has in it of salt or sugar molecules respect- 
ively. To put it another way, the heavier the weight of a molecule 
of any substance, the more of that substance must be dissolved in 
the litre to obtain its gramme-molecular solution. Or still another 
way; if solutions of various substances are made all of the same 
strength per cent., the solutions of the materials of small molecular 
weight will contain more molecules of those materials than the 
solutions of the materials which have heavy molecules. We shall 
see that the calculation of osmotic pressure depends upon these 
facts. . ^ 

^ Diffusion. — If two gases are brought together within a closed 
space, a homogeneous mixture of the two is soon obtained. This 
is due to the movements of the gaseous moleculeBAvithi«-4he^eon^finrng 
space, and the process is called diffusion. Tliis process, we have 
seen, is important in relation to the passage of gases to and from the 
blood in the lungs. In a similar way diffusion will effect in time a 
homogeneous mixture of two liquids or solutions. If water is 
carefully poured on to the surface of a solution of salt so as to form 
two layers, the salt or its ions will soon be equally distributed 
throughout the whole. If a solution of albumin or any other colloidal 
substance is used instead of salt in the experiment, diffusion will 
be found to occur much more slowly. 


The Passage of Substances through Membranes. 

If, instead of pouring the water on to the surface of a solution 
of salt or sugar, the two are separated by a membrane made of such 
^a material as parchment, a diffusion will occur, 
though more slowly than in cases where the 
membrane is absent. In time, the water on 
each side of the membrane will contain the same 
quantity of sugar or salt. Substances which pass 
through such membranes are called crystalloids. 

Substances which have large molecules (starch, 
protein, etc.) and do not pass through such 
membranes are called colloids. Very few, if any, 
membranes are equally permeable to water and 
to molecules of the substances dissolved in the 
water. If in fig. 148 the compartment A is filled 
with pure water, and B with a sodium chloride solution, the liquids 
in the two compartments will ultimately be found to be equal in 
bulk as they were at the start, and each will be a solution of salt 
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of half the strength of tliat originally in the compartment B. But at 
first the volume of the liquid in compartment increases, because 
more water molecules pass into it from A than salt molecules pass 
from B to A. The term osmosis is generally limited to the stream 
of water molecules passing through a membrane, while the term 
dialysis is applied to the separation of those substances which 
can pass through a membrane from those which cannot. At first, 
then, since osmosis (the diffusion of water) is 
Ij ' more rapid than the dialysis (the diffusion of 

. j' the salt molecules or ions), the level of B 

^ becomes higher than that of A. This differ- 

ence indicates the higher osmotic pressure 
of the salt solution or the power of the 
[H] solution to attract water. If a bladder con- 

I taining strong salt solution is placed in a 

I vessel of distilled water, water passes into 

I the bladder by osmosis, so that the bladder 

is swollen, and a manometer connected with 
its interior will show a rise of pressure 
^ ^ J (osmotic pressure) 

^ The total osmotic pressure cannot, how- 

' ever, be measured in this way because (1) the 

i salt diffuses out a^the water diffuses in, and 

(2) the increased^ hydrostatic pressure in B 
- 'zl- (due to gravity) tends to interfere with the 

passage of the water to B (see Filtration 
^ below). 

~ It is therefore necessary to use a mem- 

r. brane which will not allow salt to pass out 

either by dialysis or filtration, though it will 
fet the water pass in. Such membranes are 
uui.'rsomi-pmni('ai)io vessel Q,QX\Q^' 4 e 7 Yii-permedble membranes, and one of 
Bolutlou; M, mercurial the bost of thoso IS ferrocyaiiide of copper, 
manometer (After Star- made by taking a ccll'of porous 

earthenware and washing it out first with 
copper sulphate and then with potassium ferrocyanide. An insoluble 
precipitate of copper ferrocyanide is thus deposited in the pores of 
the earthenware. 


If such a cell is arranged as in fig. 149, and filled with a 
1 per cent, solution of sodium chloride, water diffuses in, till 
the pressure registered by the '^nanometer reaches the enormous 
height of 5000 mm. of mercury. If the pressure in the cell is 
increased beyond this artificially, water will be pressed through 
the semi-permeable walls of the cell and the solution will become 
more concentrated. 
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Though it is theoretically possible to measure osmotic pressure 
by a manometer in this direct way, practically it is hardly ever 
done, because it has been found difficult to construct a membrane 
which is absolutely semi-permeable; they are nearly all permeable 
in some degree to the molecules of the dissolved crystalloid. In 
course of time, therefore, the dissolved crystalloid will be equally 
distributed on both sides of the membrane, and osmosis of 
water will cease to be apparent, since it will be equal in both 
directions. 

Calculation of Osmotic Pressure. — As a simple example we 
may take a 1 per cent solution of cane - sugar which does not 
dissociate into ions. 

One gramme of hydrogen at atmospheric pressure and O'’ C. 
occupies a volume of 11*2 litres; two grammes of hydrogen will 
therefore occupy a volume of 22*4 litres. A gramme-molecule of 
hydrogen — that is, 2 grammes of hydrogen — when brought to the 
volume of 1 litre, will exert a gas pressure equal to that of 22*4 litres 
compressed to X litre — that is, a pressure of 22 4 atmospheres. A 
gramme-molecular solution of cane-sugar, since it contains the same 
number of molecules in a litre, must therefore exert an osmotic 
pressure of 22*4 atmospheres also. A gramme-molecular solution 
of cane-sugar (C\2H220i^) contains 342 grammes of cane-sugar in a 
litre of water. A 1 per cent, solution of cane-sugar contains only 
10 grammes of cane-sugar in a litre ; hence the osmotic pressure of 

10 y 

a 1 per cent, solution of cane-sugar is x 22*4 atmospheres, or 

0 65 of an atmosphere, which in terms of a column of mercury 
= 760 X 0*65 = 494 mm. 

It is not possible, however, to apply this method to mixed 
solutions containing electrolytes such as occur in the body since 
it is not known how many molecules are ionivsed. 

Determination of Osmotic Pressure by means of the 
Freezing-point. — This is the metliod which is almost universally 
employed. The principle on which the method depends is the 
following: — The freezing-point of a solution of any substance in 
water is lower than that of watef; the lowering of the freezing- 
point is proportional to the molecular coneentralion of the dissolved 
substance, and that, as we have seen, is proportional to the osmotic 
pressure. 

When a gramme-molecule of any substance is dissolved in a litre 
of water, the freezing-point is lowered by 1*87° C., and the osmotic 
pressure is, as we have seen, equal to 22*4 atmospheres, that is, 
22*4 X 760 = 17,024 mm. of mercury. 

We can, therefore, calculate the osmotic pressure of any solution if 
we know the lowering of its freezing-point in degrees Centigrade ; the 
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lowering of tlie freezing-point is usually expressed hy the Greek letter A- 
The determination is made by the use of the Beckmann thermometer. 

Osmotic pressure = x 17,024. 

^ 1*87 


Bor example, a 1 per cent, solution of sugar would freeze at 

0 052 X 17,024 


— 0 052° C ; its osmotic pressure is therefore 


1-87 


= 473 mm., 


a num])cr approxiinately equal to that we obtained by calculation. 

Mammalian blood serum gives A=0'5G°O. A 0‘9 per cent, 
solution of sodium chloride has the same A ; hence serum and 
a 0 9 per cent, solution of common salt have the same osmotic 
pressure, or avoyisomotic. The osmotic pressure of blood serum is 


0;56 X 17^24 
^ 187 


== 5000 mm. of mercury approximately, or a pressure of 


nearly 7 atmospheres. 

The osmotic pressure of solutions may also bo compared by 
observing their elfect on red blood-corpuscles, or on vegetable cells 
such as those in Tradescantia. If the solution is hyj^erioyiic, i.e. has 
a greater osmotic pressure than the cell contents, the protoplasm 
loses water and shrinks, or if red corpuscles are used, they become 
crenated; if the solution is hypotonic, ie, has a smaller osmotic 
pressure than the material within the cell-wall, and if red corpuscles 
are used they swell and burst. Isotonic solutions, such as physio- 
logical or normal salt solution, produce neither of these effects, because 
they have the same osmotic pressure as the material within the cell- 
wall. /Isomotic solutions may or may not be isotonic, depending on 
their nature. 


The Nature of Osmotic Pressure. — The following simple explanation 
is perhaps the best, and may be rendered most intelligible by an example. 
Suppose we have a solution or sugar separated by a semi-permeable membrane 
from water ; that is, the membrane is permeable to water molecules, but not to 
sugar molecules. Tlie streams of water from the two sides will then be unequal ; 
on one side we have water molecules striking against the membrane in what we 
may call normal numbers, while on the other side both water molecules and sugar 
molecules are striking against it. On this side, therefore, the sugar molecules 
take up a certain amount of room, and do not allow the water molecules to get to 
the membrane ; the membrane is, as it were, screened against the water by the 
sugar, therefore fewer water molecules will get through from the screened to the 
unscreened side than vice versa. This comes to the same thing as saying that 
the osmotic stream of water is greater from the unscreened water side to the 
screened sugar side than it is in the reverse direction. The more sugar molecules 
that are present, the greater will be their screening action, and thus we see that 
the osmotic pressure is proportional to the number of sugar molecules in the 
solution, that is, to the concentration of the solution. 

Osmotic pressure is, in fact, equal to that which the dissolved substance would 
exert if it occupied the same space in the form of a gas (Van ’t Hoff’s hypothesis). 
The nature of the substance makes no difference ; it is only the number or molecules 
which causes osmotic pressure to vary. The osmotic pressure, however, of 
substances like sodium chloride, which are electrolytes, is greater than what one 
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would expect from the number of molecules present. This is because the molecules 
in solution are split into their constituent ions, and an ion plays the same part as a 
molecule, in questions of osmotic pressure. In dilute solutions of sodium chloride 
ionization is nearly complete, and as the total number of ions is then nearly double 
the number of original molecules, the osmotic pressure is nearly double what would 
have been calculated from the number of molecules. 

The analogy between osmotic pressure and the pressure of gases is very 
complete, as may be seen from the following stitements : — 

1. At a constant terancrature osmotic pressure is proportional to the concentra- 
tion of the solution (Boyle-Mariotte’s law for gases). 

2. With constant concentration, the osmotic pressure rises with and is pro- 
portional to the temperature (Gay-Lussac’s law for gases). 

3. The osmotic pressure of a solution of different substances is equal to the 
sura of the pressures which the individual substances would exert if they were 
alone in the solution (Henry-Dalton law for partial pressure of gases). 

4. The osmotic pressure is independent of the nature of the substance in 
solution, and depends only on the number of molecules or ions in solution 
(Avogadro’s law for gases). 

Filtration, — Fluids may also pass through membranes in virtue 
of a mechanical or hydrostatic difference in pressure on the two 
sides. Tito membrane leaks, as it were, but only the substances in 
solution pass through. This occurs in the case of ordinary filtration 
through a piece of blotting-paper. It is, however, important to note 
that the concentration of the filtrate is the same as that of the true 
solution before filtration. 

Physiological Applications. — It will at once be seen how 
important all these considerations are from the physiological stand- 
point. In the body we have aqueous solutions of various substances 
separated from one another by membranes. Thus there are the 
endothelial walls of the capillaries separating the blood from the 
lymph; the epithelial walls of the kidney tubules separating the 
blood and lymph from the urine; and similar epithelium in all 
secreting glands ; there is also the wall of the alimentary canal 
separating the digested food from the blood-vessels and lacteals. 
In such important problems, then, as lymph-formation, the formation 
of urine and other excretions and secretions, and absorption of food, 
we have to take into account the laws which regulate the movements 
both of water and of substances which are held in solution by the 
water. In the body osmosis and filtration both take place. Further 
complicating these two processes there is another force, namely, the 
secretory or selective activity of the living cells of which membranes 
are composed. This is sometimes called by the name vital 
action, which is an unsatisfactory and unscientific expression. The 
laws which regulate filtration, diffusion, and osmosis are fairly 
well known and can be experimentally verified. But we have^ 
undoubtedly some other force, or some other manifestation of force, 
in living membranes. It probably is some physical or chemical 
property of living matter which has not yet been brought into line 
with the known chemical and physical forces which operate in the 
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inorganic world. Wo cannot dcnjy its existence, for it sometimes 
operates so as to neutralise the known forces of osmosis and liltration. 

The more one studies the questions of lymph-formation and 
^^landular secretion, the more it is evident that mere osmosis and 
liltrathm will not explain them entirely. The basis of the action 
is no doubt physical, Imt the living cells do not behave like the 
dead membrane of a dialyser; they have a selective action, picking 
;put some substances and passing them through, while rejecting 
others. This is in part, but not wholly, duo to the fact that the 
perpieability is greater to some ions than to others. The subject 
has been extensively investigated by Hamburger. 

The cell has no real clioice in what shall pass through and 
what be kept back. It has been found that different ions modify 
in various ways the normal permeability. The electric charge of 
the ions must be an important factor in/de ter mining the passage 
of substances through the cell and its ^asmatic membrane. This 
permeahility may bec.omo altered in diseased conditions by an 
upset of the normal relationships of the ions, hence cellular activity 
becomes abnormal. Electric charge, moreover, is only one factor; 
molecular size in passing the sieve-like membrane is another; 
solution affinities, surface tension, etc., are still others. 

These considerations may be exemplified by what is known in 
relation to the permeability of cells to glucose. This sugar is always 
present in the blood in health, but is wholly contained in the 
plasma; the cor})uscles are stated to bo impermeable to this variety 
of sugar. In diabetes they become permeable. (See also Secretion 
and Absorption.) 

The theory of diffusion of dissolved substances through membranes 
as applied to cells has been profoundly influenced by the discovery 
of the composition of the cell-wall. At one time it was believed 
that diffusion of a colloid material was prevented by the pores of the 
membrane being too small to allow largo molecules to get through 
them; it was thought to act as a sort of sieve. But this cannot 
he the whole explanation, and it is now held that soJMwi^ acuities 
play a most important part ; that is to say, a membrane is permeable 
to substances which are soluble in the material of the ’membrane. 
Such solubility may imply the formation of /Actual chemical unions, 
or more frequently the process is one ofyadsorption (see below); 
this latter process comes specially into play when nutritive materials 
are assimilated by the cell by means of the protein solution which 
occupies the interstices between the fat molecules of the membrane. 
On the other hand, the permeability by substances such as alcohol, 
chloroform, and ether, is mainly determined by the solubility of these 
materials in the fatty or fat-like components of the membrane, and 
this consideration is the foundation of the Meyer-Overton theory 
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of the narcotic effect on cells which these volatile anjcsthetics 
exercise. 

The process of absorption depends largely, hut not entirely, on 
physical principles. Distilled water and readily diifusible substances 
readily pass through into the blood and lymph, but if hypertonic 
saline is introduced into the intestine, water passes from the blood 
to the intestine. This is the action of a purgative, especially the 
sulphates, which are not so readily absorbed as chlorides. Curiously, 
however, as Waymouth Keid has shown, if the living epithelium of 
the intestine is removed, absorption comes very nearly to a standstill, 
although from the purely physical standpoint removal of the tliick 
columnar epithelium would increase the facilities for osmosis and 
filtration. 

The osmotic pressure exerted by crystalloids is very considerable, 
but their ready diffusibility limits their influence on the flow of 
water in the body. Thus if a strong solution of salt is injected into 
the blood, the first effect will be the setting up of an osmotic stream 
from the tissues to the blood. The salt, however, would soon diffuse 
out into the tissues, and would now exert osmotic pressure in the 
opposite direction. Moreover, both effects will be but temporary, 
because excess of salt is soon got rid of by the excretory organs. 

Osmotic Pressure of Proteins — The osmotic pressure of proteins 
is of special importance in relation to the blood, where they have 
been shown by Starling to exert a pressure of 30 mm. of mercury. 
By means of this pressure it is possible to explain the fact that an 
isotonic or even a hypertonic solution of a diffusible crystalloid may 
be completely absorbed from the peritoneal cavity into the blood. 
The pressure observed may be due to saline materials from which it 
is difficult to separate proteins.* 

The functional activity of the tissue elements is accompanied by 
the breaking down of their protein constituents into such simple 
materials as urea (and its precursors), sulphates and phosphates. These 
materials pass into the lymph, and increase its molecular concentration 
and its osmotic pressure ; thus water is attracted (to use the older 
way of putting it) from the blood to the lymph, and so the volume of 
the lymph rises and its flow increases. On the other hand, as these 
substances accumulate in the lymph they will in time attain there 
a greater concentration than in the blood, and so they will difiuse 
towards the blood, by which they are carried to the organs of excretion. 

But, again, we have a difficulty with the proteins : they are most 

* Bayliss has shown that the saline constituents found in a native protein are 
not mechanically mixed with it, and are also not in true chemical combination with 
it, but are in a condition intermediate between these two extremes, to which the 
term adsorption is applied. Many dyes used for staining fabrics and histological 
preparations are also adsorbed. 
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important for tlio nutrition of the tissues, but they are practically 
indiffusibh^ Wc must therefore assume that their presence in the 
lyni])h is duo somoliow to filtration from the blood. 

It is the osmotic pressure of the protein which is chiefly respon- 
8i])le for preventing the fluid of the blood from leaving the blood-vessels. 

In the capillaries we have a balance of pressure: on the one 
hand we have the pressure of the blood, together with the osmotic 
pressure of the tissue fluids, tending to suck fluid from the vessels ; 
while, on the other hand, this is counteracted by the osmotic pressure 
of the blood which is exerted by the salts and proteins. The balance 
is, however, a very delicate one; since an increase of capillary 
pressure causes fluid to pass into the tissues (oedema ) — and hence it 
is that our feet are sliglitly larger at the end of the day. On the 
other hand, when the capillary pressure falls, as in hiBinorrhage, fluid 
passes from tlie tissues into the blood. In kidney disease, when 
much protein, especually scrum albumin, which has a smaller 
molecule and higher osmotic pressure than serum globulin, is lost in 
the urine, oedema is apt to occur, and is in part duo to loss of colloid. 

The Law of Mass Action. — This law is of fundamental im- 
portance in relation to the processes which break down substances 
in digestion and subsequently cause the products to be built up 
into the tissues of the body. The law states that the rate at which 
a reaction takes place is proportional to the mass of the reagents 
in a certain volume, or, more accurately, to the concentration of 
the active masses of the reagents (Bayliss). In a reversible 
reaction the extent to which either will proceed will similarly 
depend on the concentration of the reagents on either side. In the 
equation 

C2H5OH + CH3.COOH ^ CH3.COO.C2H5 + H2O 

[Ethyl alcohol.] [Acetic acid.] [Ethyl acetate ] [Water.] 

the extent to which alcohol and acetic acid will be formed, i.e. 
the equilih'ium-point, in such a hydrolysis will depend on the 
concentration of water, and of the other reacting constituents. 
(See p. 342.) 

In a test-tube, therefore, the hydrolysis of a starch or of a 
protein by an enzyme is not quite complete, some of the substances 
always remaining unchanged. 

In the body, however, some of the substances produced are 
removed from the sphere of reaction. In the digestion of starch, 
for example, the soluble sugar formed becomes absorbed and no 
longer interferes with the continuance of the reaction. 

Similarly, in the blood and tissues one of the substances, 
the glycogen, is also removed from the sphere of reaction and the 
synthesis can, therefore, proceed. It is not yet quite clear how 
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some of the substances are actually removed from the sphere of 
the reaction, but that such a process does take place seems tolerably 
certain. 


Reaction Velocity. — Mo.st reactions in Inorganic Chemistry take place between 
electrolytes— substances which are good conductors of the electric current. These 
may be considered as reactions between ions, and Ionic Reactions occur at such 
enormous velocity as to be practically instantaneous. Ionic reactions take place 
between the inorganic constituents of living cells, but such reactions occurring 
as they do in a colloidal medium are somewhat slowed down, but even so are 
completed in an immeasurably short time. The most important substances (fats, 
carbohydrates, proteins) in living tissues are, however, not electrolytes, and 
reactions between them are spoken of as molecular reactions^ and occur so slowly 
that it is possible to ascertain the rate at which they take place. Reaction Velocity 
is defined as the quantity of the substance transformed, measured in gramme- 
molecules per litre, which disappears in the unit of time (one minute). When 
starch is transformed into sugar, or protein into amino-acids, there is only one 
substance transformed, and such reactions which compose the majority of the 
reactions in living cells are called unimolecular reactions^ or reactions of the first 
order. When, for instance, starch is changed into sugar by the action of an acid, 
it is the starch alone which is altered; the acidity undergoes no diminution. 
Similarly, when the change is brought about by an enzyme, the starch only is 
changed ; the enzyme is still present in its original quantity. Reaction velocity 
is thus of special importance in a study of the changes produced by enzymes, and 
these are the most frequent of all changes in living structures. 

Since the quantity of the substance acted upon is continually diminishing, the 
velocity of the reaction cannot remain the same throughout, but must diminish in 
a certain ratio. Suppose 20 parts out of 100 are transformed in the first minute, 
there will be only 80 parts remaining at the commencement of the second minute : — 


100 


100 


- 80. 


Similarly, at the commencement of the third minute we have only 64 left, 16 having 
disappeared : — 

80 - = 64. 

5 

In the fourth minute, 12 8 disappears and 51 *2 is left ; — 


64 


64 


= 51-2 ; 


and so on. 

In order to express this in general terms, we may label the original concentration 
100 by the symbol Cq, and for 80, 64, 51*2, etc., use the terms Cj, C.^, C.„ etc. . . . 
Ct. The constant figure in the above example is ^ or 0 ’2. This may be represented 
^y k. The equations then run : — 

•1 - C„-Cot = C„ orC,(l-i) = C,. 

Further C„(l - *) - [C„(l - *) x *] -= ; 

or C,,(l -- kf — Cg. 

Further C„(l - ky = Cg. 

Finally C^l -k)t = Ct. 

In other cases we find that the reaction velocity is not directly proportional to 
the quantity of reacting substances, but to the sqiiare of this quantity. In all such 
cases, two substances are simultaneously change!^ in their concentration. Such a 
process takes place in the decomposition of estprs (compounds of organic acids 
and alcohols), under the influence of an alkali; here not only is the amount of 
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ester becoming less, but the alkali is also used up in the formation of salts of the 
organic acid. Such reactions are called himolecular reactions^ or reactions of the 
second order. Certain reactions in living cells are of this order, but reactions of 
higher orders still are not as yet known in living ceils. 

Surface Tension. — The surface layer of a liquid possesses 
certain propeities wliich are not shared by the rest of it, for in the 
interior the arrangement of matter is symmetrical round any point, 
whereas on the surface the surroundings consist of liquid on one side 
only, while on tlie other side is solhl, or gas, or it may be another 
liquid. In a gas, the molecules are free from one another’s attractive 
intluence and fly about freely with high velocity, producing pressure 
on the walls of the containing vessel; in a liquid, the mutual 
attractions of the molecules are great enough to keep the substance 
together in a definite volume ; in order to separate the molecules and 
convert the liquid into gas a large amount of energy is required — 
the so-called latent heat of evaporation. The molecular attractions 
in a liquid are thus very great, so that a molecule of the surface 
layer is pulled strongly inwards, and this layer constitutes a 
stretched elastic skin, and the power thus exerted is spoken of as 
surface tension. Th^effect of surface tension is most simply seen in 
a free drop of liquid, such as a rain-drop, or a drop of oil immersed 
in a mixture of alcohol and water of the same density. There is 
then nothing to prevent the tension in the surface layer from 
contracting as much as possible, and the drop will therefore assume 
a form in which its volume will have the smallest surface, that is, 
the drop will assume the form of a sphere. 

Now animal cells are liquid, and when they are at rest, other 
forces being absent, they also are spherical, and although they do 
not possess, as a rule, a definite wall of cellulose or other hard 
substance such as vegetable cells have, nevertheless the surface film, 
exercising the force called surface tension, plays the part of an 
elastic skin, and is termed the 'plasmatic membrane. This membrane 
plays an important physiological role. In the projection of pseudo- 
podia, for instance, variations in the surface tension must occur in 
different parts of the periphery of the cell. Protoplasm, how- 
ever, is not a simple liquid, but contains substances of varying 
chemical composition, and substances which have the power of 
diminishing surface tension always show a tendency to accumulate 
at the surface. Hence the fats and lipides which are powerful 
depressants of surface tension are found, probably in a state of an/ 
extremely fine emulsion, more abundantly in the plasmatic membrane 
than elsewhere in the cell. 

Adsorption. — From what has been said above it is evident that 
“any substance in solution in a liquid in contact with a surface 
will be concentrated in that surface.” This process is called adsorption. 
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The power of charcoal to take up gases or dyes is due to the large 
surface it presents. For a similar reason the amount of congo-red 
which a filter-paper will take up is relatively greater the more dilute 
the solution of the dye. We shall see that this concentration at 
surfaces is important in digestion by enzymes which are colloids and 
have therefore an extremely large surface and in which dilute acids 
and alkalis may be looked upon as becoming concentrated and 
having therefore the activity of strong solutions. 

Colloidal Solutions — The study of colloids is important, seeing 
how many important physiological substances belong to this class ; 
for instance, the proteins, and polysaccharides. Their main characters 
are, that they do not pass a parchment membrane (p. 327), their solu- 
tions are opalescent, they crystallise with difficulty if at all, they 
have a tendency to form jellies {eg., gelatin), or to coagulate under 
the infiuence of heat and other agents (as is the case with most 
proteins), and they exert a low osmotic pressure. Inorganic sub- 
stances {eg, several metals, and compounds such as silicic acid) 
may also assume a colloidal condition ; these are in an unstable 
physical condition, passing from the “sol” (or thiid) to the “gel” 
(or jelly-like) condition under slight provocation. This confers upon 
them their power to act as catalysts. 

The solutions formed by colloidal materials are not true solutions. 
They are really suspensions of very minute particles. The particles, 
though ordinarily invisible, will nevertheless scatter light, just as 
minute dust particles in the air are lit up by a beam of sunlight 
(Tyndall phenomenon). If a beam of light is passed through a 
colloidal solution the particles may be seen by means of a 
microscope. This principle is used in the ultra-microscope. 

Reaction of Fluids. — Although this important subject is really 
part of physical chemistry, it is more conveniently considered in 
connection with the maintenance of body reaction as a whole in 
a later chapter. 

Enzymes.* 

The word fermentation was first applied to the change of sugar 
into alcohol and carbonic acid by means of yeast. The evolution of 
carbonic acid causes frothing and bubbling ; hence the term “ ferment- 
ation.” The agent, yeast, wliich produces this, was called the 
ferment. Microscopic investigation shows that yeast is composed 
of minute rapidly-growing unicellular organisms belonging to the 
fungus group. 

The souring of milk, the transformation of urea into ammonium 
carbonate m decomposing urine, and the formation of vinegar 
from alcohol are also brought about by organisms. The complex 

/ * Derived from the Greek word meaning “ in yeast.” 
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cliaiiges known as putrefaction, which are produced by the 
various forms of ])acteria (see fig. 150),^4also come into the same 
category. ^ , 

That the change or fermentation 4s produced by these organisms 
is shown by the fact that it occurs only when tlie organisms are 
present, and stops when they are removed or killed by a high 
temperature or by antiseptics (carboliC'acid, etc.). 

The discovery of the nature of fermentation by Pasteur eventually 
led to the discovery of the nature of infection by Lister and made 
modern surgery possible. The transference of the - bacteria or 
their spores from one person to another and their ^owth therein 
constitutes infection. 

All tliese micro-organisms require moisture in which to act. 
They act best at a temperature of a])out 40” C. Their activity is 

^ ^ S f 

I } . i \ 1/ 
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Fio. 150.— Types of micro-organisms a, micrococci arranged singly; in twos, diplococci— if all the 
micrococci at a were grouped together in one plane, they would bo called staphylococci, or in 
cubical masses, sarenue ; b, micrococci in chains, streptococci; c and d, bacfUi of various kinds 
(one is represented with a flagellum) ; e, \arious forms of spirilla ; f, spores, eith^ free or in bacilli. 


stopped, hut the organisms are not destroyed, by pqld. The organisms 
are, however, like other living cells, killed by too groat heat. Si^me 
micro-organisms act without free oxygen ; these are call^l ancSfrohic ; 
those that require oxygen are called aerobic. 

Another well-known fact concerning micro-organisms is that the 
substances they produce in time put a stop to their activity ; thus 
in yeast, the alcohol produced, and in bacteria acting on proteins, 
the phenol, cresol, etc., produced, first stop the growth of, and 
ultimately kill, these organisms. 

For a long time it was uncertain how micro-organisms were able 
to effect these chemical transformations. It is now, however, 
definitely proved that they do so by producing agents of a chemical 
nature, wliich are called enzymes. This was first demonstrated in 
connection with the invertase of yeast cells, and with the enzyme 
secreted by the micrococcus ureoe, which converts urea into ammonium 
carbonate in putrefying urine. For a long time, however, efforts 
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to obtain from yeast cells an enzyme capable of bringing about the 
alcoholic fermentation were unsuccessful. This is because the 
enzyme does not leave the yeast cells, but acts intracellularly. 
Buchner, by crushing the yeast cells, succeeded in obtaining 
from them the long-sought enzyme {zymase) \ since then other 
enzymes have been obtained from other micro-organisms by similar 
means. 

Enzymes are also formed by the cells of the higher organisms, 
both in animal and vegetable life. Eamiliar instances of these are 
ftyalin, the starch- splitting enzyme of saliva, and pepsm, the 
protein-splitting enzyme of gastric juice. The substance upon 
which the enzyme acts is spoken of as the substrate. 

We may, therefore, place these essential facts concerning enzyme 
action in the following tabular way : — 


The living cell. 

The enzyme 
produced 

Tlie .substrate. 

The products of action. 

The yeast cell . 

Zymase . 

Glucose . 

Alcohol and carbon 


dioxide. 

The salivary cell 

Ptyahn . 

Starch 

Dextrins and mal- 



tose. 

The gastric cell 

Pepsin . 

Protein 

Proteoses and pej>- 



tones. 


The enzymes which bring about the digestion of food in the 
alimentary canal may be classified as follows : — 

Amylolytic or Amyloclastic — those which convert poly- 
saccharides (starch, glycogen) into sugar with intermediate dextrins. 
Examples: the diastase of vegetable seeds, and the ptyalin of 
saliva. 

' Disacoharases — those winch convert disaccharides into mono- 
saccharides — e.g, Invertase of yeast cells ; inverta$e of intestinal 
juice ; these convert sucrose into equal parts of glucose and fructose ; 
maltase and lactase acting on maltose and lactose respectively. 

Lipolytic or Lipoclastic — those which split fat into fatty 
acids and glycerol — e.g. lipase, is found in pancreatic juice. 

Proteolytic or Proteoclastic — those which split proteins into 
proteoses, peptones, polypeptides, and finally amino-acids. Examples : 
the pepsin of gastric, the trypsin of pancreatic juice and the erepsin 
of intestinal juice. 

The enzymes in the foregoing list produce hydrolysis; that is, 
water is added to the substrate, which then splits into simpler 
molecules, as for instance in the inversion of sucrose by invertase. 

^ 12 ^ 22^11 ^ 2 ^ ~ ^ 6 ^ 12^6 + ^ 6 ^ 12 ^ 6 ‘ 

[Sucrose.] [Water.] [Glucose.] [Fructose.] 
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But in addition to the digestive enzymes there are others to be 
mentioned, for instaiioe: — 

Coagulative enzymes — those vvliich convert soluble into 
insoluble proteins ; the best example of this class is Rennet or 
rennin, found in the gastric juice; it converts the soluble caseino- 
genate of milk into casein. Tliis is the substance used by cooks to 
make curds and whey. 

Oxidases — these are not hydrolytic, but are oxygen carriers and 
produce oxidation : they are mainly found as intracellular enzymes, 
and are important in tissue respiration. 

Reductases — these are the counterpart of the oxidases, and 
produce reduction in the tissues. 

Deaminases — these remove the amino-group from amino- 
compounds. 

Intracellular or Autolytic Enzymes. — These come into play 
during cell life, and are important in the metabolic or intracellular 
chemical changes which occur in protoplasm; they also may be 
subdivided into proteoclastic, peptoclastic, lipoclastic, etc , accord- 
ing to the substrate upon which they act. After death their^ 
activity continues, and so they produce^ self-digestion or autolysU 
of the cells in which they are situated, if the tissue or organ 
is kept at an appropriate temperature and under aseptic con- 
ditions. 

The foregoing list is not by any means complete, but includes 
the most important. The individual enzymes will be studied in due 
course, but for the present we will take general considerations only. 


Characteristics of Enzyme Action. 

Zymogens. — These are the parent substances or precursors of the 
enzymes. The granules seen in many secreting cells consist very 
largely of zymogen, which in the act of secretion is converted into 
the active enzyme. Thus, pepsin is formed from pepsinogen, trypsin 
from trypsinogen, and so forth. 

Activation of Enzymes. Co-enzymes . — Many enzymes contained 
in secretions are in a condition ready for action. In other cases 
this is not so, and their action occurs only after they have been 
rendered energetic by the presence or action of other substances, 
termed activating agents or co-enzymes. — 

The Specificity of Enzyme Action . — In most cases the action of 
an enzyme is extraordinarily limited ; thus there are three separate 
enzymes to hydrolyse the three principal disaccharides, sucrose, 
lactose, and maltose, neither of which will act upon either of the 
other two sugars in the list. Arginase splits arginine into ornithine 
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and urea, but will act upon no other substance. The “ lock and 
key” simile first introduced by Emil EiscJier will aid us in under- 
standing this specificity of action, but it is becoming increasingly 
evident that this specificity depends on definite chemical reactions. 
For example, some enzymes will only act if the protein or 
polypeptide concerned has free NH., or COOH groups. If these 
are fixed by adding II or by esterification respectively, the enzyme 
loses its activity. The activity may also depend on the exact 
method by which the amino-acids, for example, of a protein are 
linked together, for an enzyme may act on a tripeptide and yet be 
incapable of acting on a corresponding dipeptide which has one 
less amino-acid. / 

Enzymes may then be considered as chemical complexes stabilised 
and made permanent by a colloidal carrier, or it may be that they 
are like polypeptides and composed of long complex chains. 

The Liexhaustibility of Enzymes . — A small amount of enzyme 
will act on an unlimited amount of substrate, provided sufficient 
time is given, and provided also the products of action are removed. 
The enzyme appears to take a share in intermediate reactions, and 
there is some evidence that in certain stages it combines with the 
substrate; but subsequently when the substrate breaks up into 
simpler materials, the enzyme is liberated unchanged, and so ready 
to act similarly on a fresh amount of substrate. 

, ^ The simplei/logarithmic law of enzyme action has been demon- 
strated for the majority of enzymes (invertase, trypsin, erepsin, 
lipase, etc.). The effect in a given time is proportional to the 
quantity of enzyme present. (See more fully Eeaction Velocity, 
p. 335.) 

The Optimum Temperature of Enzyme Action . — As the tempera- 
ture rises the velocity of the action increases, until a temperature 
is reached at which the activity is greatest. Most enzymes act 
best at 40° C., but there are exceptions ; malt diastase, for instance, 
acts best at 60° C. Beyond the optimum temperature a further rise 
inhibits activity, until a temperature is reached when the enzyme 
is destroyed. The fatal temperature as a rule is in the neighbour- 
hood of 50° C. 

This statement, however, requires some modification, as whether 
or not an enzyme is destro}'ed by a given temperature depends on 
the reaction of the medium in which it is. It is possible to boil 
trypsin in an acid medium (Mellanby) in which, however, it is 
inactive, but it is readily destroyed in an alkaline medium. 

The effect of a rise of temperature is complex, and is of a 
twofold nature. In the first place, and between certain limits, 
the law of Arrhenius is followed, that is, a rise of 10° doubles or 
even trebles the velocity of the action of the enzyme, as it does 
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other chemical reactions. Ihit as the temperature rises the velocity 
of disintegration of the enzyme also rises. The optimum temjiera- 
ture is tliat at wliich the enzyme work is best done; this is a 
temperature at whicli tiie accelerating eCfect is at its maximum, and 
tlie retarding effect duo to enzyme destruction is not so great as to 
neutralise the accelerating effect. 

Optivium Reaction of Enzyme Activity . — Some enzymes act best 
in an acid, others in an alkaline medium. For each there is an 
optimum hydrogen-ion concentration. 

Reversibility of Enzyme Action . — On p. 335 we have considered 
tlie general laws of molecular reactions. The majority of enzyme 
reactions are unimolecular, or reactions of the first order ; that is to 
say, one substance only, the substrate, undergoes transformation ; 
the other substance, the enzyme, docs not alter in concentration. 
The law followed in such reactions is therefore the simple logarithmic 
law. But in these transformations we meet with the peculiarity 
that the reaction is not quite complete. A certain quantity of the 
substrate never disappears. Thus a small amount of sucrose remains 
unchanged whether the hydrolysis is brought about by the action 
of an acid or of an enzyme. This phenomenon is due to the fact 
that two reactions are always taking place in opposite directions. 
Simultaneously with the splitting up, the synthetic reaction begins, 
and synthesis or building up increases in proportion as the splitting 
of the compound advances. The velocity of the splitting process 
decreases at the same rate as the velocity of the synthetic process 
increases. At a certain point, both have the same velocity, and 
therefore no further change occurs in the mixture when this condition 
of equilibrium is reached. This rule is expressed by writing the 
chemical equation connected by a double arrow instead of the sign 
of equation. Two examples follow : — 

C 2 H 5 . OH -h CH 3 . COOH C 2 H 5 . COO . CHg + H 2 O 

[Ethyl alcohol.] [Acetic acid ] [Ethyl acetate.] [Water] 

+ H,0 

[Glucose ) [FructosoJ [Sucrose ] [Water.] 


This phenomenon is termed '' reversibility!* 

In intracellular action this is a factor of importance, for the 
same enzyme in the presence of different proportions of the substrate 
and its cleavage products can both build up and break down the 
same substance. 

It should further be noted that hydrolytic actions are isothermic ; 
that is, the total energy of the products is equal to that of the 
substance broken up. 

Anti-enzymes . — Many chemical substances, such as strong acids 
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and alkalis, alcohol, formaldehyde, iodine, potassium cyanide, and 
salts of the heavy metals, hinder enzyme activity. But the term 
anti-enzyme is generally limited to substances produced in the 
metabolism of living organisms. Excess of these organic anti- 
enzymes can bo readily produced by injecting an enzyme into the 
blood-stream of an animal. This stimulates the procluction of an 
anti-enzyme, so that when the blood-serum is mixed with the original 
enzyme, its power is inhibited. Anti-enzymes are specific, that is, they 
inhibit the enzyme which was injected into the blood, and no other. 

Nature of Enzyme Action. — The analogy of enzyme action is, 
in fact, so close to that of inorganic catalysts, that the view at 
present current regarding it is that the action is a catalytic one. 
That is to say, the presence of the enzyme induces a chemical 
reaction to occur rapidly, which in its absence also occurs, but so 
slowly that any action at all is difficult to discover. To use the 
technical phrase, its action is to increase the velocity of chemical 
reactions. It is, for instance, quite conceivable that, if starch and 
water are mixed together, the starch will in time take up the 
water and split into its constituent molecules of sugar. Ihit an 
action of this kind would be so slow, occupying perchance many 
years, that for practical purposes it does not take place at all. If 
an inorganic catalyst is added, such as sulphuric acid, and the 
temperature raised to boiling-point, the action takes place in a few 
minutes; if an organic catalyst, such as the enzyme ptyalin, is 
added, the velocity of the change is even greater ; but, what is of 
more importance for the well-being of the animal, a moderate 
temperature, namely that of the body, amply suffices. The organic 
catalysts or enzymes are, however, colloidal in nature (possibly pro- 
tein) ; and this explains their destructibility by high temperatures. 

Various theories have been brought forward to account for this 
catalytic action, but there is as yet no certainty. It used to 
be thought that enzymes formed adsorption compounds with the 
substances they act upon but as indicated in relation to their 
specificity (p. 340) it now appears more likely that they form 
definite chemical combinations which permit the substrate to react 
more freely with other substances, c.g. water in the case of the 
hydrolytic enzymes. 
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THE BLOOD 

The blood is the Iluid iiiediiiin by means of which all the tissues of 
the body are directly or indirectly nourished; by means of it also 
such of the materials resulting from the metabolism of the tissues 
which are of no further use are carried to the excretory organs. It 
is a somewhat viscid fluid, and in man and in all other vertebrate 
animals, with the exception of two,* is red in colour. It consists of 
a yellowish fluid, called plasma or liquor sanguinis, in which are 
suspended numerous blood-corpuscle^, the majority of which are 
coloured, and it is to their presence that the red colour of the 
blood is due. 

Even when examined in very thin layers, blood is opaque, on 
account of the different refractive powers possessed by its two 
constituents, the plasma and the corpuscles. On treatment with 
ether, water, other reagents, however, it becomes transparent and 
assumes a lake colour, in consequence of the colouring matter of the 
corpuscles having been discharged into the plasma. The average 
specific gravity of blood at 15° C. (60° E.) varies from 1055 to 106^ 
A rapid and useful method of estimating the specific gravity of blood 
was invented by Koy. Drops of blood are taken and allowed to fall 
into fluids of known specific gravity. When the drop neither rises 
nor sinks in the fluid it is taken to be of the same specific gravity 
as that of the standard fluid. In Hammerschlag’s method the drop 
is placed in a mixture of chloroform and benzene ; more chloroform 
or benzene is added until the drop neither falls nor sinks, i.e. until 
the mixture has the same specific gravity as the blood ; the specific 
gravity of the mixture is then taken. The taste is saltish. Its 
temperature varies slightly, the average being 37'8° C. (100° E.). The 
blood-stream is warmed by passing through the muscles and glands, 
but it is somewhat cooled on traversing tlie capillaries of the skin. 
Recently-drawn blood has a distinct odour, which in many cases is 
characteristic of the animal from which it has been taken ; it may 
be further developed by adding to blood a mixture of equal parts of 
sulphuric acid and water. The reaction of the blood is faintly 
alkaline and is dealt with in a later chapter. 

* The amphioxus and the leptocephalus. 
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Quantity of the Blood. — The quantity of ))loo(l in an animal 
may be estimated in the following manner: — A small quantity 
of blood is taken from an animal by venesection; it is defibrinated 
and measured, and used to make standard solutions of blood. The 
animal is then rapidly bled to/feath, and the blood which escapes is 
collected and defibrinated by whipping. The blood-vessels are next 
washed out with saline solution until the washings are no longer 
coloured, and these are added to^ie previously withdrawn blood; 
lastly, the whole animal is finely minced with saline solution. The 
fluid obtained from the mincings is carefully filtered and added to 
the diluted blood ])reviouHly obtained, and the whole is measured. 
The next step in the process is the comparison of the colour of the 
diluted blood with that of standard solutions of blood and water 
of a known strength, until it is discovered to what standard solution 
the diluted blood corresponds. As the amount of blood in the 
corresponding standard solution is known, as well as the total 
quantity of diluted blood obtained from the animal, it is easy to 
calculate the absolute amount of blood which the latter contained, 
and to this is added the small amount which was withdrawn to 
make the standard solutions. Such experiments have shown that, 
although there is considerable variation, the blood volume of the 
dog is about m body- weight. ^ 

The application of the method to decapitated criminals has given 
values for } to -yV- estimation of blood volume in man 

during life it is evident that other methods are necessary. These 
methods consist in adding a known amount of an easily recognisable 
substance to the circulating blood, and after thorough admixture 
a small known quantity of blood is withdrawn, and the substance 
estimated in it. Then by calculation, the total quantity of blood 
capable of holding all the foreign matter introduced is calculated. 
The vital red method is tliat now most extosively used. Two 
samples of blood (5 c.c.) are withdrawn and'^xalateei A 1*5 per 
cent, solution of the dye is injected into an arm vein — after five 
minutes samples of blood are withdrawn and centrifuged. The 
colour is compared, the tint of the dye in the plasma compared 
with standards consisting of uncoloured plasma and dye solutions 
of known concentrations. This method gives a total blood volume 
of from dr to yh of body- weight, but even in animals the method 
gives very irregular results as judged by the effect of hiemorrhage. 
It must, however, be understood that the excitement caused by 
the taking of the samples may cause blood to bo thrown into the 
active circulation from the depots such as the spletm. In an 
average man the amount is then about 6 litres, but this may 
be increased as in amemia or at high altitudes. Haldane and Lorrain 
Smith used carbon monoxide for this purpose, and estimated its 
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compound with Innemoglobin by a colorimetric method- In tlie 
normal body their average figure that the blood is only of fbe 
body-weight is much lower than is the case in the dog and in the 
criminals just mentioned. 

Coagulation of the Blood. 

Blood possesses two remarkable properties. It remains fluid in 
the blood-vessels throughout life, but rapidly becomes solid when 
shed. Both qualities are essential for the preservation of life The 
maiiitenancomf fluidity is necessary for the circulation of the blood, 
whilst th^olidification of the shed blood provides an indispensable 
defence against excessive bleeding from wounds. 

The coagulation of the blood is due to the formation of a jelly 
by the deposition of protein material called fibrin, and it is the 
formation of this body that is the fundamental change in blood 
clotting. When a film of almost freshly shed blood is examined 
under the microscope, a network of gelatinous threads or filame^s 
of fibrin is seen, many of the threads radiating from clumps'^of 
disintegrating blood -platelets. Entangled in this mesh are both 
erythrocytes and leucocytes, the preponderance of the former 
corpuscles giving a clot of blood its characteristic red colour. 
The udtramicro scope reveals how the ^l>reads are built up. Minute 
granules first appear. These coalesc^ forming needles resembling 
crystals which join up end to end and form the threads mentioned 
above. Soon, however, the whole mass contracts, its intimate 
structure becomes indistinguishable, and a straw - coloured liquid 
called serum is squeezed out of the clot. Blood plasma which has 
been deprived of leucocytes and erythrocytes clots as readily as 
wholo blood. The presence of these corpuscles is, therefore, not 
necessary for blood coagulation, although their debris contains 
substances which may participate in clotting. 

The role of platelets in blood clotting has been the subject of 
controversy. Some writers have thought that they are essential for 
coagulation, others have denied their importance. Kecent researches 
indicate, however, that the platelets are normally important partici- 
pants in blood clotting, but they are not always essential for that 
process. The removal of blood-platelets from the shed Blood of 
Tasting animals by passing it through a clay filter may completely 
suppress the capacity of the plasma to clot spontaneously at room 
temperatures, but clotting may occur after prolonged shaking or 
when the plasma is kept for several days at 38 C. in sterile tubes. 
The addition of disintegrating platelets, or extracts of them, to 
deplateletiaed plasma rapidly produces coagulation, the speed of 
clotting being proportional to the amount of material added. Blood 
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shed (luring the height of digestion behaves differently. It clots as 
rapidly as whole ])lood after the complete removal of the platelets. 

Moreover, all the substances requisite for blood clotting can be 
extracted from plasma which has been deprived of all its corpuscles. 
It a})pears, then, that the plasma eontains all the participants in 
blood clotting, but in fasting animals, and possibly when digestion 
is nearly inactive, the presence of platelets is necessary for a speed 
of coagulation sufficiently rapid for the provision of a defence against 
loss of blood. 

Coagulation is inaugurated or hastened by : — 

(1) The application of warmth, e.g. water about 5'’ above body 

temperature. This is most important in dentistry and mid- 
wifery, and is not to be confused with the application of cold 
at a distance to bring about reflex constriction of vessels. 

(2) Contact of the blood with any surface which it wets, or tissue 

extracts. 

(3) Agitation or wliipping, which brings such contact m(jre 

rapidly into play. 

(4) The addition of thrombase or thrombin, but large quantities 

of thrombin can be introduced into the circulation without 
causing intravascular clotting.l/ 

(5) The rapid intravascular injection of most tissue extracts 

produces clotting in the blood-vessels, but their slow 
injection or minute quantities of them suppresses the 
clotting of blood — (the “ negative phase ” of coagulation). 

(6) Astringents, eg. alum and substances like adrenaline, if 

applied locally, stop ha‘morrhage ])y constricting the blood- 
vessels, but adrenaline also increases coagulability if 
injected into the blood-stream. 

The coagulation of shed J dood is retarded by : — 

(1) Complete contact with surfaces, e.g. paraffined, not wetted 

by blood. 

(2) Cooling the blood in a vessel surrounded by ice ; the blood 

remains fluid for two hours or longer. 

(3) Dilution with great excess of water (20 to 40 volumes). 

(4) The addition of appropriate amounts of salts, such as sodium 

sulphate, magnesium sulphate, or sodium bicarbonate. 

(5) The addition of soluble collate, citrate or fluoride. 

(6) The addition of various anticoagulants, such as leech extract; 

various products of autolysis, called antithrombins because 
they neutralise the coagulant action of thrombin; a sub- 
stance extracted from the liver named heparin, which 
restrains the formation of thrombin; and relatively large 
amounts of commercial peptone. 
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(7) A number of anticoagulant dyes such as chloji^zol fast pink 

are now used in experimental work (Huggctt). 

It is easy to enumerate agencie^wliich alter the coagulability of 
the blood, but a complete explanation of their action awaits the full 
understanding of the maintenance of the diiidity of circulating blood 
and its clotting when shed. Many different interpretations of the 
jB-tter phenomena have been offered, some of which are almost 
irreconcilable one with another. But certain conclusions are almost 
generally accepted. 

(1) A precur^)r of librin (fibrinogen) exists in circulating 

blood. 

(2) Thrombin or throinbase does not normally exist in circulating 

blood, but is soon formed whenever the blood is shed upon 

any surface which it wets. 

(3) Calcium ions are essential for the formation of thrombin. 

(4) Thrombin causes fibrinogen to form fibrin and so forms blood 

clots. 

The chief subjects of controversy are : — 

(1) The nature of the factors which preserve the fluidity of the 

blood in vivoY 

(2) The mode of formation of thrombin and its manner of action 

on fibrinogen. 

Howell believes that the motheV substance of thrombin (pro-^ 
thrombin) exists in plasma, but is kept inactive by an anticoagulant 
called heparin, formed in the liver. When blood is 8hed,mr damaged 
by anything it wets, both platelets and damaged tissues liberate a 
compound of cephalin which neutralises the heparin and permits 
the activation of prothrombin by calcium ions alone, without the 
intervention of any other body. Thrombin is so formed, and by 
union with fibrinogen forms fibrin. There is no doubt that the 
fluidity of normal blood is due to conditions which are unfavourable 
to the production of thrombin, but there are difficulties in the 
acceptance of Howell’s teaching. For example, the intravascular 
injection of heparin, although it first produces incoagulable blood, 
is followed by an increase in the coagulability of the blood. 

Pickering considers that fibrinogen and prothrorabim^(or pro- 
thrombase) are united with the more stable fractions of blood 
plasma (serum globulin and albumin) and are thus shielded from 
J}ie 'nisruptive action of calcium ions which is essential for the 
inception of blood clotting. The “complex of plasma colloids 
possesses only a limited capacity for^ resistance. It breaks down 
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iiuiiiodiately the Idood is shed upon any surface which it wets.* 
As soon as the fdu'inogeii and prothrunibin are set free the changes 
tliat result in clotting commence. Immediately afterwards, blood- 
platelets rapidly disintegrate and in normal wounding, tissue juices 
invade tlie stream of escaping blood. The products so liberated, 
with the help of calcium ions, ^ unite with prothrombin giving 
thrombin, which in turn unites with librinogcn giving fibrin. The 
plasma then changes from a sol to a gel, the initial steps in this 
change being the formation of filaments of fibrin in the manner 
already described. In addition, coagula closely resembling fibrin 
are formed by the direct union of fibrinogen and tissue juices, and 
it is prolmble that tliis mode of coagulation proceeds simultaneously 
with tlie clotting of fibrinogen by thrombin, although Mills maintains 
that this mode of clotting occurs before the formation of thrombin 
when blood is in contact with damaged tissues. Under artificial 
conditions, blood plasma can be altered from a sol to a gel by 
prolonged shaking without the intervention of the debris of platelets 
or tissue juices, and certain micro-organisms possess the power of 
clottmg blood without the production of thrombin. The reactions 
of shed blood after contact with wetted surfaces may for convenience 
bo summarised thus : 


yin 

Prothronibc + Calcium 
^ase 

-1 tissue juices and platelet debris 

I 

yin 

Thromb<^ ^ Fibrinogen 
^ase 


Fibrin 


The recent work of Mellanby has indicated that thrombase is 
really an enzyme and has a precursor, prothrombase, which like some 
other enzymes is activated by calcium. Prothrombase can withstand 
a temperature of 100° C. for five minutes. 


^ The Plasma and Serum. 

When shed blood is kept fluid artificially by any one of the 
methods mentioned on p. 350, the corpuscles gradually sink and 
the plasma can be removed by either a pipette or a syphon. The 
separation of plasma and corpuscles is more rapidly effected by 

* If a large blood-vessel such as the aorta from a recently killed animal is cut 
open it may be demonstrated that its internal surface is not wetted by blood 
or water. 
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using a centrifugal nmcliiue. A plasma, uncoiitaminated by anti- 
coagulants, can be olitained by centrifuging blood at the temperature 
of an ice-(diest, but this plasma contains some platelets. To remove 
the latter bodies, it is necessary to filter the plasma through a clay 
cell, but some of the proteins of plasma are then removed, 

A relatively pure plasma may^e obtained from horse’s veins 
by what is known as the “living test-tube” experiment. If the 
jugular vein is ligatured in two ])laccs so as to include a quantity 
of blood in it, then removed and hung in a cool place, the blood 
does not clot for several hours. Tlui corpuscles settle and plasma 
can be removed. Tn a<ldition to disintegrating blood platelets, it 
usually contains, however, both minute clots and thrombin, and thus 
differs from the plasma of circulating blood. Pure and unaltered 
plasma has not yid been obtained outside the body, but the material 
available by the nudhods described gives a fair indication of the 
properties of that fluid 

Pericardial and hydrocele fluids closely resemble the plasma in 
composition. Usually, they contain few or no corpuscles, and are 
more stable than plasma. As a rule, they do not clot spontaneously, 
but coagulate on the addition of thrombin. 

The plasma is alkaline, yellowish in tint, and its specific gravity 
is about 1026 to 1029. 100 c. c, of ])lasma contain: — 

Water . . . . . . .90 

Solids : 

Proteins . S j 

Kxtraelives Cineludinj^ fsit) . , . 1*4 10 

Inorganu* salts ...... *6] 

Details to be memorised iire given at the end of the volume 

The gases of plasma and serum are small quantities of oxygen, 
nitrogen, and carbonic acid. 1’he greater part of the oxygen 
of the blood is combined in the red blood - corpuscles with 
hannoglobin , the carbonic acid is largely combined as bicarbonates. 
The gases of the blood have already been considered under 
lies juration. 

We may now study one by one the various constituents of the 
plasma and serum. 

" / 

A. Proteins. — Fractions of protein possessing different properties 
can be obtained from plasma by mixing it with different concen- 
trations of neutral salts, those commonly used being ammonium 
sulphate, sodium chloride, and magnesium sulphate. The table on 
next j)age gives an apjiroximate idea of the limits of ju’ccipitability 
by these salts. 

It should not, however, be assumed that these fractions of 
protein exist in a free condition in the plasma. On the contrary, 

M 
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ro(i( 3 iit rosoarclioH indicate tliat the fraetions of protein olitained 
by the salting of ])lasnia, particularly those eallial globulins, are 
not distinct cheinutal units, but parts of a larger complex that 
is knit togethin’ in the plasma and behaves as a coherent whole, 
The fractions jiossi^ss, however, distinct properties (Sorensen, 
riclon'ing). 

Table illustrating the precipitahilitif of the pi’iticijial fractious of pirotein 
winch are obtainable fnmi blood jilasma that has been kept fluid by 
the addition of sodium oxalate. 


CriHMpit.iiita 

1 i 

Fibrinogen j Knglobulin i l’s<*n<logl(ibu]in 

Albiinnn 

NaCl 

_ 1 _ _ _ 

Precipitated at ' Precipitated on . . 

nearly half sal- saturation, 

uration. ' 


(Nil,),, .SO, 

Precipitated on , Prcei{)itated on Precipitated on 

Precijutated 

llie addition of j the addition of the addition of 

on satura- 


If) to 'll per' 28 to 38 per 80 to 41 per 

cent, of a satu- ! cent, of a satu- ' cent, of a satu- 
rated solution ; rail'd solution r.ited solution. 

tion. 

MgSO, . 

Precipitated at Precipitated on Precipitated on 
nearly half sal- j saturation. saturation, 

uration. i 



Fibrinogen . — Fibrinogen exhibits the general characteristics of 
globulin with one im])ortant dilTercnco. It is clotted by thrombin 
and is thus distinguished from all other fractions of plasma protein. 
It is coagulated in vitro at 56" G. ^ is so firmly bound to pro- 
thrombin that it can be separated from that body only by coagulation 
of fibrinogen or by prolonged adsorption. Fibrinogen of the blood 
is probabT}^onibined with calcium and sodium. When freed from 
salts, it is incoagulable by heat (de Waele). 

Serum is the residue of plasma left after the removal of 
fibrinogen as fibrin by coagulating the blood. Its proteins can be 
separated into scrum globulin and albumin by salt precipitation; the 
globulin consists of euglobulin and pseudoglobulin. The albumin 
can also be broken into different fractions by heat coagulation. In 
all the vertebrates, except some fishes, e.g. the eel, three fractions are 
obtained by heating serum to 73®, 78" and 85" C. The globulins 
and albumin obtained from serum exhibit the general properties 
mentioned on p. 301), whilst a complex of albumin and globulin 
possibly participates in immune reactions. 

Prothrombin is probably a globulin and as already mentioned 
is bound to fibrinogen. When plasma clots it forms thrombin. 
Prothrombin also forms thrombin when whole blood or serum 
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is treated with ;iu excess of alcohol. The residue left after the 
evaporation of tlie alcohol is soluble in water and possesses tlie 
properties of the tliroinbin obhiiiial)lo from blood - clots. The 
prolonged dialysis of prothrombin also yields thrombin 

1). Extractives. — These are non-nitrogenous and nitrogonons 
The non-nitrogenous are fats, soajis, (diolcsterol, and sugar, the 
nitrogenous are urea (0 02 to 0 04 per cent), and still smaller 
(quantities of uric acid, (U’eati]u\ cK^atinine, xanthine, hypoxantlnne 
and ainino-a 

C. Salts 


l”.isni i j (’orpilsclcs J WIidIc iJluoi] 

I 

I oei2 , 0 20S 

I) 020 I 0 42r> 0 202 j 

0 010 0 003 0 007 I 

0 00.3 0 003 0 003 [ 

1 0 003 0 003 0 003 

0 3H0 0 ISf. 0 292 

, 0 023 0.371 , O'lSl 

i 0 220 I 

i'r.ic<'s of sulphur. (Murr.iv ) 

The Blood-Corpuscles. 

Red or Coloured Corpuscles. — lluman red bl(3od-c(jrpusclcs are 
circular biconcave discs with rounded edge^s, inch in diameter 
(8 8 /X on the aveiMgu^) and about a quarhn’ of that in thicdviu^ss. 
When viewed singly they appear of a qiale yellowish tinge, the 
deep red colour whicli tlu^y give to the blood is obsiu’vable in them 
only when they are seen cn masse. 

Each red corqmscle is coinpos(3d of a colourless cnveloqie enclosing 
a semi-liquid material of which by far the most abundant constituent 
is ha3moglobin , the enclosing membrane is important especially in 
processes of osmosis such as occur when water or salt solutions are 
added to the corpuscles, and its presence can be clearly distinguished 
microscoqiically in the large corpuscles of am})hibia. The corpuscles 
are j)erfectly elastic so that as they circulate they admit of change of 
form, and recover their natural shape as soon as they escape from 
compression. 

The red corpuscles of other mammals are generally very nearly 
the size of human red (;oiq)Uscles. They are smallest in the d(3er 
tribe and largest in the elephant. Tn the camelidie they are 
biconvex. In all mammals the corpuscles are non-nmdeatecl, and 
in all other vertebrates (birds, reptiles, amphibia, and fishes) the 


SodiUMi . 
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('.ilciuin 
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Chlorulo 
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corpuscles are oval, biconvex, and nucleated (fig. 152), and larger 
than in maniinals. Tlu^y are largest of all in certain amphibians 
{(f m ph i (/ m a , rot e us). 

bed blood-corpuscles, like all discs, tend to go into rolls or 
^rouleaaix This is (cxaggeiated in intlammation 

The Fragility of the Red Blood-Corpuscles. — If rial blood- 
corjaiscles iiro ])la(‘ed in distilled water they rapidly take up watm* 



l)imcl('S art) two \ant'tit'S of Uin 
colourless form 


by the jU’oc.ess of osmosis, swell, burst, and discharge their 
hauuoglobm {Jurmot psis) If placed in isotonic saline solution 
they are unafA'cted, but the extent to which they withstand 
li}potoui(^ solution vanes very mucii especially in disease Venous 
blood cells, as they contain more chloride, are more 
fragile than arterial ('clls. (See also p. 379.) 

'the normal fragility may be determined by exposing 
the ('ells to sodium (diloride solution from 0 25 per 
' 'of hypn’toiuc cent, to 0 75 per cent and counting the number of 
intact ned cells which are [iresent after half an hour 
(see below) Normal cells iKigin to hamiolyso at 0 48 
])er cent, and are completely hamiolysed at 0 33 per cent., but 
in acholuric jaundice there iiiay bo luemolysis even at( 7 per cent. 
Strong salt solutions cause crenation. 

Dilute acetic acid cause.s the nucleus of the red blopd^lls in the frog to 
become more clearly defined ; if the action i.s prolong4#d, the nucleus becomes 
strongly' granulated, and all the colouring matter seeipfJ to be concentrated in it, 
the surrounding cell-substance and outline of the cell becoming almost invisible ; 
after a time the cells lose their colour altogether. A similar loss of colour occurs in 
the red corpuscles of human blood, which, however, from the absence of nuclei, 
seem to disappear entirely. 
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The Number of the Red Blood-Corpuscles.*— Tlie avcruL^e 
jniiiil)er of red (iorpiis(*lt\s m about 5,000,000 per cubic millimetre of 
l)loo(l i]] Jiicii and al)out 4,500,000 iii woiueii Tlu^se innid)or.s, howoviu’, 
are 8 u])j 0 ct to cousidci‘a])l(^ vanatioii. An iiicroaso oo.ouns wluaunau’ 
Uio iiidivddual is Hiibjc(dcd to (joiiditions of oxygon-want, studi as life 
at a high altitudo or in diseases in whudi the cinadation is slowed. 
In siicli eireunista,iiecs tlie bone-marrow (s(;e l)elow) beo.onies very 
active. A fall in the number of red corpuscles occurs wlum tliei'o 
IS an abnormal destruction of corj_)uscles in disease or inadetpiate 
]U’oduction. 

The Haemoglobin Content of the Blood — bhom what has 
btam said in relation to lics])ir.ition it is (nndent that th('- amount of 
lucmoglobin in the blood is of (considerable ini])ortan(c(c Like tbe 
number of corpuscles, it varies very muc.b acccording to tlu’i (dhcKuicy 
of the circulation and the quality of the air breatlucd. In man the 
luemoglo])iii conbmt may be three times tbe usual amount if the 
(Circulation is very incllicient Tlie conbuit is (Expressed as a ])er- 
centage of an average blood wlmdi is capalile of carrying 18’5 cc.* of 
oxygen per cent {ie. a blood which contains 14 per cent.* 
hicmoglobin). An average blood contains therefore “100 pm’ cent. 
h(cm(3gl()bin.” This estimation givcxs a rough idea of the oxygen- 
carrying power of the blood. From the enumeration of corpuscles 
and the lucmoglobin estimation the colour index, or amount of 
lucmoglolmi per corpuscle, may be determined. Thus, if there is 
100 per cent ic. 5,000,000 red blood-corpuschis and 100 p(cr (cent, 
hacmogloliin the colour index is said to be 1 , if tbe hamioglobinoimcter 
gives only 50 per cent (each (corjmscdic contains only half tlac amount 
of ha'iiioglobiii, i e. the colour index is 0 5. 

Methods 

Enumlration of I UK Red Ri.ood-Cokihtsi lks. 

Several methods arc employed for counting the bloo(l-(*orpuseles ; most of tliem 
depend U})on the .same principle, i.e.^ the dilution of a minute volume of blood with 
a given volume of a saline solution similar in osmotic concentration to blood-pla.sma, 
so that the size and shape of tlie corpuscles arc altered as little as possible. A 
minute quantity of the well-mixed solution is then Liken, examined under the 
microscope in a cell of known capacity, and the number of eoriuiseles m a given 
area of the cell is counted. Having ascertained the number oi eorjmscles in the 
diluted blood, it is easy to calculate the number in a given volume of normal blood. 

The apparatus most frequently used at the present time is known as the 
Thoma-Zeiss lupinacytometer. It consists of a carefully graduated jnpette, in 
which the dilution of the blood is done ; this is so formed that the capillary 
stem has a capacity equalling one-hundredth of the bulb above it. If the 
blood is drawn up in the capillary tube to the line marked 0 5 (fig. 154) thii 


* Many bloods, especially those of apparently healthy Ameneans, are richer in 
corpuscles and oxygen-carrying power. Many city dwellers have much poorer 
bboils. 
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solution may .iftcrwiirds ho drawn up the stem lo tlie line 101. This 
a dihitiori of l-20(j as tlio last 1 does not mix. Tho blood and llio 
well mi\< d by sliakmj' llu* pun lie 'I'lie oth( r ]iavt 
■oMsists ot :i nl.iss slide (fig. loo) Upon which is mounted 
,1 <-ov< i(‘d dise, ///, .leeiiratelv' ruled so as to j>res<ml 

om sipian' milhnietr<‘ divided into lOU sipi.ires of oue- 
twentn-lh oi a milhimdre each Tlu‘ micrometer thus 
made is surrounded by another annular cell, r, which has 
such a luaghl .is to make the cell jirojeet exactly one-tenth 
millmutre bi'yond m. If .i drop of the diluted blood 
IS pl.ieid upon >//, and c is eoven'd witli .i perfectly fiat 
cover-glass, the vohiim' of th<*<hlut<‘d blood above <Meh of the 
sipiares of the mKaoimfiei, i.e .ibove tsieh wall be 

of .1 cubic milhimfire. I'lva' l.iigi* squares (/ c, f> If) small) 
.ire counted and the average per small sipiare t.iken by 
dividing by 80. 'J’his number mullqihed by 4000 and ag.iiii 



.IjOj 


of 


by 200 to allow foi lh(‘ dilulion gives the number 
corpuscles in .i <*ubic millimetre of undiluti'd blood, i.c. 

, , , , a? 4000 200 

where .c - the numbm* m five large squ.'ires, ^ 

In .ictiial juMclice it will be noticed that no anthnietie is 
lu'ci ss.n N , 0000 simply being added to the mimbi r found in 
the five l.irgi* sipi.ires. 


I^NUMiaiAriov OI 'iin, Wjmjj Hnoon Coiirrscia s. 


Th(* enumeration of the colourless <‘orpus(4<“s depmids on 
the s.ime pnneiph*, but tln‘ counting lias to bi‘ carried out 
over the whole squ.ire millimetre The lilood is diluted 
(1-20) in a simil.ir special pipelte with dilute acetic acid to 
Ineniolyse the red blood-corpusclcs and a stain is usually added. Since the 
dilulion IS 1-20 and the ciibu* capacity of the area eonnted of a cubic millimetre, 
innItij)Ji(*.ation of the number counted by 200 gives the number of white corjmseles 
in the whole cubic millimetre. 

Differential Count. -The differentiation of the v.aneties of eolourles corjiuseles 
(which IS most inqiortant from the standpoint of disease) can be accomplished after 
the <ipj)ro})riale staining of blood-films. Five hundred white blood-corpuscles are 
counted and the pereeutage of each variety ealeulaled. 


Ksi'imxtiom or H.f.Moe.i.oiuN. 

One tyjie of hamioglobinometer, that of Haldane, consists of two tub(?s, one of 
which contains 20 cub mm. of normal ox blood hiked and diluted to a standard 
amount, 100. A little distilled water is placed in the other tube, which is graduated, 
and 20 cub. mm. of the blood (measured in .a pipette) being estimated is added. 
'I'lns IS diluted with distilled w.der til! the colours are alike and tlie dilution is read 
off. If, for example, tlie colours are alike when the dilution has only been oO 
(instead of the normal 100), the blood contains only HO per cent, of the normal 
haemoglobin. In practice, the standard used is a carmine jelly of the same tint as 
normal blood (Gow'ers), but since this is liable lo fade, normal blood the haemoglobin 
of wliieli is conv'crted into earboxy-haeinoglobin is used (Ilald.iiie), but in tli,ts 
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instance caibon monoMtlc (coal j;us) must be Imblih'd Ibrou^h tin* diluted blood 
imd(‘r investu^ation 'l lu' blood list'd in tlie Il.dtlnne slandaid is capable of e.irr\ inji; 
IS 5 p(‘r cent, e e. of o\yf;en per 100 e e. of blood 

Origin of the Red Corpuscles. — Suvioiiudinn iJn^ parly toiibryo 
is a eivoular aroa, called the vascular aiea, in winch the lirsi rudi- 
iiieiils of the blood-vessels and blood-corpuscles are (J.(welop(sl Here 
Hiicr nuclc'ated eiabryonic ctdls of the inesodermf from whudi (ho 
blood-vessels and corpuscles are to foriiKal, send out jirocesses lu 
various directions, and these, joining together, form an irregular 
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nieshwork hrom some of these endothelial cells the first red 
blo()d-co]’pus(des, known as ///r//u/e///esAs’/are dcvelo])(‘<l l)ut they are 
nucleated and larger than adult cor])UScles. Next a])])ea,r the 
eri/throhhfbis which have nuclei with lino chromatin mdwork, and 
later the ^lorinohUisU in whose deeply staining (with basic dyes) 
nuclei the network is now absent JNhni-uucleated cells now ap])ear 
and as their cytoplasm has a network which stains with cresyl blia^ 
they are known as rctinilonjtes!^ These cells give way to the adult 
cells but readily appear again if there is any severe call on the 
blood-producing ari^as. In severe cases nucleated cells may also 
reappear. 

In the foetus the liver and spleen take part in blood formation, 
but in the adult it is confined to the red bone-marrow. The long 
bones do not, however, take part normally except in early life, but in 
an emergency the yellow marrow rapidly becomc's vascularistid and 
takes on the function of blood formation. 
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It has now been clearly shown that the stomach and liver are 
concerned in blood production in another way. It was found by 
Wliipple that dogs would recover from being ])i<3(l nior(^ rapidly than 
normally if fed on liver. 

Castle has shown tliat Briinnor’s glands and tliose corresponding 
in the pyloris produce an “ intrinsic factor ” which is somewhat like 
an enzyme. It acts upon an “extrinsic factor” in the food which, 
according to (Jastle, is vitamin Bg, to form a substance necessary 
for blood production. This substance is stored in the liver. When 



Fio. 167. Part of the network of developing bloud'VcsselH in the vascular area of a guinea-pig. hi. 
Blood-corpuscles becoming free in an enlarged and hollowed out part of the network *, «, process of 
protoplasm. (E. S. Schafer.) 


the stomach factor or the pyloric region is removed megaloblasts 
fail to mature. Vitamin 0, thyroxine and copper also facilitate 
1)1 ood formation ; the copper apparently enables the body to make 
full use of its reserves of iron which, as we have seen, is an 
essential constituent of ha 3 moglobin. 

Lack of any of these factors in the body leads to different varieties 
of anaemia or blood deficiency. The successful treatment of pernicious 
anaemia, for long a fatal disease, with liver and its extracts and 
later with extracts of stomach, is a tribute to tlie value of experi- 
mental physiology in the alleviation of suffering. 

The Fate of the Red Blood-Corpuscles. — The fact that the 
pigments of bile and of blood are chemically related has long 
suggested that the former are derived from the latter, and other 
evidence has indicated that the red blood-corpuscles have, like all 
other cells of the body, a tolerably definite term of existence, 
estimated at about thirty or forty days, after which they die and 
are replaced. For example, there is evidence that blood is constantly 
being formed, and red cells in the x^i'ocess of breaking down have 
been observed in organs such as the spleen. The evidence appears 
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to indicate that the breakdown of the corpuscles occurs for the most 
part as a simple mechanical result (^wear and tear (Kous) and 
we know that such fragmentation^^ . very lia]3le to take place 
iu artificial perfusions wifli pumps^^'^In (liseases involving blood 



Fiu. 15S. — marrow of young rabbit. Magnified 450 diameters. ^ 

^ Schafer’s Essentials of Histology. 

erythrocytes ; e', erytliroblasts^; e”, a coloured cell undergoing mitotioaivision ; I, a polymorpho* 
nuclear leucocyte; rn, ordinaiy mwlocyte.s; m', myelocytes undergoing mitotic division; eo, an 
eosiuophilo myelocyte ; meg, a giai^r^ell or megakai’yocyte^^^ 

destruction the presence of the iron-containing pigment luemo- 
sideriii which accumulates in the liver and spleen is readily 
demonstrable by the Prussian blue reaction. 

The broken-down red blood-corpuscles are taken up by the 
reticulo- endothelial system. 

Reticulo-Endothelial System (Aschoff) consists of cells scattered 
widely in different regions. Some of the cells are wanderiil^ cells, 
such as the clasmatocytesU^f the connective tissue and the 
mononuclear cells of the blood and spleen ; others are sessile'^ for 
example the stellate cells of Kupffer, which constitute an imperfect 
lining for the hepatic capillaries. Other sessile components of the 
reticulo-endothelial system are the endothelium of the lymph sinuses 
and splenic sinuses and that of the capillaries of the bone-marrow 
and suprarenal, and the l)raiiched reticulum cells of the bone- 
marrow, lymphoid tissue, spleen and thymus. Reticulo-endothelial 

M 2 
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colls poss(!SS in common the property of ingesting particles snch as 
cell-debris and ])acteria; for this reason tlie^are called macroj^hage^ 
(in contrast lo tlio micro])hVigcs or polymorphonuclear huicocytes). 
in addition, they have the closely related power of taking up 
foreign colloids, such as ‘'vital” dyes (carmine, pyriiiol blue, 
etc). An im])ortant function attributed to tlu'sc cells is the 
formation of bilirubin from luBmoglobm, 

Why or how the red cells break down is not yet known, but 
once they are broken down, the free blood pigment is converted 
into l)ilo })igment by the Kuptler cells. /'jIns is shown by the 
fact that if blood pigment is injected into the circulation or if 
haunolysis of the red cells is caused by Virseniuretted hydrogen 
bile pigment appears in the blood, but not so if the reticulo- 
endothelial system has been thrown out of action by previously 
making it take up other foreign matter such as a colloidal substance 
or by removing the majority of the Kupffer colls in animals where 
they are chiefly situateil in one organ, eg. the liver of the bird^ 

It IS not to be imagined that blood destruction and bile formation 
oc(iur only in certain organs Tliey probably occur in all organs 
and in the colour of an ordinary bruise we have in reality the 
formation of bile pigment locally. We shall trace this pigment 
further in relation to the bile. 

The White Blood- Corpuscles. — These corpuscles are masses 
of nucleated protoplasm; they are nearly spherical when at rest, 
but owing to their amoeboid movements (see p 8) exhibit con- 
siderable changes in outline when they are active, as they are at 
body temperature. 

The number of white blood-corpuscles varies at different times of 
the day (Bernard Shaw). In the morning or after a rest in the 
horizontal jxisitiuii they arc about 6000 per cub. mm. but imiroaso 
after midday They are increased by activity, by a nuial, after the 
injection of adrenaline, and in asjihyxia (McDowall). They may lie 
enormously increased in most infections (ejj. 60,000 in pneumonia) 
In a few tiiey are decreased {eg. influenza). 

Several varieties of colourless corpuscles are found in human 
blood. (See coloured plate.) 

{a) Lymphocytes . — These are only a little larger than red 
corpuscles. The nucleus is relatively large, and usually round ; the 
protoplasm around it forms quite a narrow zone. The nucleus, as is 
the case with all nuclei, is basophile, and stains with such basic dyes 
as methylene blue. The protoplasm presents no distinct granules 
and is also basophile. The lymphocytes comprise about 25 per cent, 
of the total (uilourless c.orpuscles. This variety of corpuscle is much 
increased in clironir, iidVid-ions, e.g. tuberculosis. 

ib) Large mononuclear leucocytes . — relatively small oval nucleus 









stained with 

Stained with 

Stained with 

Methylene Blue 

Ehrlich’s 

llicmatoxylin 

and Ifiosin. 

Tri-acid Dye. 

and Kosin. 


The varieties of colourless corpuscles in normal human blood, 
stained by different methods. 

a, Lymphoeyte; b, largo moiioimclear hyaline leucocyte; c, transition 
form ; d, polymorphonuclear leucocyte ; e, eosinophile leucocyte ; f, 
basophile. Magnified about 1000 times. (After Szymonowicz.) 
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lies near the centre of hasopliile proto})lasm, wliicli again presents 
no (lelinite granulation. Tliiur ilianieter is 12-20 ju, and they form 
only 1 per cent, of the total colourless corpuscles. This variety is 
(joniinoiily inerea,sed in juntozoal infections, c (j malaria. 

^ (r) TnaisUioual lenconjtes.—Tho cell-body is somewhat smaller 
and is mainly basophile. A certain amount of neutro])hile granula- 
tion may he s('en. The nucleus may present all gradations between 
an oval and lobed condition. In normal blood their niindier is 
variable, but, as a rule, they make up about 2 to 4 per cent, only of 
the total colourless corpusedcs. ddie.y are called transitional on the 
hypothesis that they represent an intermediate condition between the 
large mononuclear leucoi^yh^s and the [lolymorphonuchvar leucocytes 
described und(ir d It is, however, doubtful if this hypothesis is 
C()rre(;t, and many histologists think tlie 6 and c varieties originate 
from endothelium. 

(d) L'ohjiKorphonuelGar Jenrocyles — These are 9-12 /4 in diameter, 
and form the main mass of the colourless corpusch‘s (70 per cent). 
Tliey Jiave several nuchd, which are strongly iiasophile and presmit 
many diherent shapes, and are usually connected by thnvuls of 
cliromalin The protojdasm is finely granular, and stains with 
neutral, and faintly with aei<l aniline dyos (such as eosin). In 
certain p.ithological conditions — for instance, in diabetes mellitus — 
the cell-protoplasm contains excess of glycogen, 'riie ‘‘ ” 
are gu'atly incri'used in most (icute inbadions 

(^;) dJostiiophde Heiicon/Us — These are usually larger than the 
priiceding (12-15 /a in dia, meter). They contain either a single 
irregular-shaped nucleus, or more often two or three nuclei of 
unerpial size. Their protoplasm contains large distinct granuh's 
which have an intense atlinity for acid dyes such as eosin, and 
are therefore termed oxy[)hile, a(;idophile, or cosinophile. '^I’hey 
are stahnl to 1)0 less aidivcdy anueboid than the polymorphonuclear 
leucocytes. They comprise from 2 to 4 per cent, of the total 
colourless corpuscles. ^khey are increased in ana[)hyla(die states 
produced by the injeidlon of foreign protein, in asthma,, and 
especia,lly in infestation with animal ])arasites. 

(/) — 'Jdiese cells are present in connective tissues 

generally, l)ut they are very rare in normal blood. Less tliaii 0'5 jier 
cent, is usually present. 'Jdiey measure about 10 across, their 
nucleus is single and irregular in shape. The granules in the 
protoplasm are much more basophile than the nucleus. (See 
coloured plate.) 

Phagocytosis. — ^'riio most inijiortant ouh'ome of th(' anioi})oid 
movmnent of the colourless i‘,orpuscli‘s is thmr power <tf ingi'sting 
fonugn ])artic,l(‘S, su(*h as bacteaaa., which the.y engulf and digest 
This is called ]>hagocytosis. 'riie polymorphonuclear leucocytes 
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ap]:)ear to be the most vigorous })}iagocytes. The drawings in fig. 159 
sliow some stages in tliis plienomenoii ; the cells represented there, 
however, are not normal leneocytes, but certain large anueboid 
cells found in connective tissues, which congregah'. specially in 
in (lamed ])arts. 

The Blood-Platelets. — 15esid(?s the two principal varieties of 
blo()d-(a)r])Uscl(:'S, a third kind ha,s been described under the name 
bloo(l-[)]atelets. These are colourless disc-shaped or irregular bodies, 
nimdi sjiialUu' than red corpuscles. Diffiu’eut views are held about 


IC'alUiy bacillus 


ll.altby bacillus 



llc.-ilUiy baculbis, 

1-artially .ti!,'(‘st<M! bacillus. 

. ■ 






Nucleus. 


rartially ‘lie. 

Nil 


ceyte ...tT--.- 






VI 


. n.'K'illus i!i ItMicoi^yic . 
I’artially diKcslcd leucocyte 


Fio, b 


FoTcinii uiatlcr 


T.cu(a)oytcs I 





Carlicb'S of foTi-igu matter, 
(’articles of fimcicii matter. 
Particles of foreign matter. 


Macrojibap-s containing bacilli ami other structures undergoing digi stiun. (UuITer.J 


their origin. There is, liowover, no doubt that they do occur 
in living blood, and are possibly shed off from cells such as the 
megakaryocytes (giant-cells) of the marrow and spleen. They show 
no anneboid movements. ''J’heir importance in relation to the 
coagulation of the blood lias already been pointed out. The normal 
number oC platelets per cubic millimetre varies but averages about 
250,000. 

Origin of the White Blood-Corpuscles (in the Adult). — The 

lyinj)hoq/tcs a, re formed in lymphoid tissue wherever this is found 
(lympliatie glands, tonsils, etc.); the lympli leaving a lymphoid 
slauetnrc is thus found to be richer in lyiiijihocytes than that 
entering the structure. d4io lymphocytes enter tlio blood-stream 
by the thoracic duet and the right lymphatic duet, fii the cortical 
follicles of lymphatic glands, the clearer central portion called the 
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" gcvni-contre/’ where active karyokiiK^sis occurs, is thought to he 
the actual seat of formation of lymphocytes. The large lymphocytes 
of the blood rescuuble the cells of the germ centres 

poly^Lorplionuchar leucocytes are develo2)(Ml in the red marro\N 
of th(^ hones from the myelocytes. The latUu* jire rounded (udls the 
cytoplasm of which contains neutrop)hile granules; their nuclei are 
rounded and but poorly nnirked oft from the cytoplasm. The 
myelocytes are the most abundant cellular constituent of the bon(3- 
marrow. In various infective diseases, eg. ]>neumnnia, tliere is a 
great increase of leucocytes in the blood (leucocytosis) ; this is 
associated with proliferation of the myelocytes in th(3 marrow and 
some may be swept out in the immature state into the blood-stri^am. 
Certain of the myelocytes contain coarse granules; iu some tlie 
granules are eosinophile and such coslnopklle myelocytes are the 
jirecursors of the eosino2)kile leiccocytes; whilst in others basophile 
granules are present and these hasophile myelocytes give rise to the 
hdsophile cells of the blood. 

Tlie origin of the large mouoimchar leucocyte is invoh'ed in the 
mists of controversy. According to one view it arises from the cidls 
of the reticulo-endothelial system (sec p 361); in favour of this 
hypothesis is the fact that in an animal injiM.'ted with a forCgn 
colloid, such as colloidal silica, the cells of this system, eg. tlie 
Kupffer colls of the liver capillaries, seize on the colloid with 
avidity, swell up and divide, one product of division passing into 
the blood-stream as a cell resembling a mononuclear leucocyte 
According to another view, however, this class of leu(3oc}d;e is 
developed from the myelocyte. The transition forms are probably 
to be regarded as related to the large mononuclears; it is no longer 
believed that they represent an intermediate stage betwei^n these and 
polyniorphonuclears. 

In d(;termining whether leucocytes have arisen from myi^locyh's 
or from other cells, use has been made of the peroxidase reacdion. 
Marrow cells are believed to contain peroxidases, so that when tlusy 
are acted on by a mixture of benzidine and hydrogen peroxide, blue 
granules become visible in their cytoplasm. Such granules can be 
demonstrated in polymorphonuclears and eosinophiles, but not in 
lymphocytes and slightly in large mononuclear cells. The basophiles, 
although undoubtedly of marrow-origin, fail to show blue granules in 
their cytoplasm. 

Chemistry of the Blood-Corpuscles. 

The White Blood-Corpuscles. — Their nucleus consists of nuclein, 
their cell iirotoplasm yields proteins belonging to the globulin and 
nucleo-protein groups. The protoplasm of these cells often contains 
small quantities of fat anti glycogen. 
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The Red Blood - Corpuscles. — 1000 parts of red corpuscles 
contain — 


Water 


Solirk ^ Organic 
Solids 


688 parts. 
303-88 „ 

8-12 


One liundred parts of the dry organic matter contain — 

Protein 5 to 12 parts. 

Hsemoglobin 86 to 94 „ 

Phosphatides calculated as lecithin . . . . 1*8 ,, 

Cholesterol 0*1 

The protein present appears to be similar to the nucleo-protein 
of white corpuscles. The mineral matter consists chiefly of chlorides 
of potassium and sodium, and phosphates of calcium and magnesium. 
In man and most other animals potassium chloride is more abundant 
than sodium chloride. 

Heemoglobin and Oxyhaemoglotain. — The pigment is by far 
the most abundant and important of the constituents of the red 
corpuscles. It is a conjugated protein, a compound of the protein 
globin with the complex iron-containing pigment hicm, which belongs 
to the class of pigments known as porpliyrins. 

It exists in the blood in two conditions : in arterial blood it is 

combined loosely with oxygen, 
is of a bright red colour, and is 
called oxyhiBinoglobin ; the other 
condition is the deoxygenated or 
reduced luemoglobin. This is 
found in the blood after asphyxia. 
It also occurs in all venous blood 
— that is, blood which is re- 
turning to the heart after it has 
supplied the tissues with oxygen. 
Venous blood, however, always 
contains a considerable quantity 
of oxyhiBinoglobin also. Hmino- 
globin is the oxygen-carrier of 
the body, and it may be called 
a respiratory pigment.* 

Crystals of oxyhsemoglobin f 
may be obtained with readiness 
from the blood of such animals as the rat, guinea-pig, or dog ; with 

* In the blood of invertebrate animals haemoglobin is sometimes found, but 
usually in the plasma, not in special corpuscles. Sometimes it is replaced by other 
respiratory pigments, such us the green one, chlorocruorin, found in certain worms, 
and the blue one, haemocyanin, found in many molluscs and Crustacea. Chloro- 
cruorin contains iron ; haimocyanin contains copper. 

t Crystals of reduced hapmoglobin can also be obtained by carrying out the 
crystallisation in an atmosphere free from oxygen. 



Pio. 160 .— Crystals of oxylisemoglobin— prisHnatic, 
from luimjiu blood. 
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(lilUculty from oUior animals, snob as man, apo, and most of tlie 
common mammals. Tlio followini^ nnitliods arc ilio best: — 

1. Mix a drop of dolibrinated blood of the rat on a slide 
witii a drop of water ; put on a cover-glass ; in a few minutes tbe 
corpuscles are rendered colourless, and tbeii tbe oxyluemoglobin 
crystallises out from tbe solution so formed. 

2. Microsco])ical specimens may also be made by Stein’s method, 
which consists in using Canada balsam instead of water in tbe 
f oregoin g experi ] nen t. 

3 . On a larger scale, crystals may be obtained by mixing tbe 
blood with one-sixteenth of its volume of ether, tbe corpuscles 
dissolve, and tbe blood assumes a laky appearance. After a period 
varying from a few minutes to days, abundant crystals lire deposited. 

Tbe sba])o of the oxybaunoglobin crystals in diOerent animals 
varies somewhat, ])robably owing to the vaiying amounts of water 
of crystallisation they contain. Several observers have analysed 
lucmoglobin. They find carbon, hydrogen, nitrogen, oxygen, sulphur, 
and iron. The iron varies from 0'4 jier cent. On adding an acid 
or alkali to lunmoglobin, it is broken up into two parts — a brown 
pigment called hcvviatin, which contains all tbe iron of the original 
substance, and a protein called ylohin, one of the histones 

Hsematin has the formula 03^1133 3^0pN4Fe. It presents dif- 
ferent spectroscopic appearances in acid and alkaline solutions (see 
accompanying plate). As obtained from oxyluemoglobin it should 
be termed oxyJmmatin. Ft may be reduced in alkaline solution by 
adding a reducing agent, and the well-marked absorption spectrum 
of reduced haanatin forms the most delicate of tbe spectroscopic 
tests for blood pigment. Keduced baunatin is sometimes called 
haemochromogen and is of a red colour; oxylnematin is brownish. 

Hsemin is of great importance, as the obtaining of this substance 
forms the best chemical test for blood. The test is much used in 
medico-legal work. Ilrcmin crystals may be j)repared for microscopical 
examination by boiling a fragment of dried blood with a drop of 
glacial acetic acid on a slide ; on cooling, triclinic j)lates and prisms 
of a dark brown colour, often in star-shaped clusters and with 
rounded angles (fig. 161 ), separate out. In tbe case of an old 
blood-stain it is necessary to add a crystal of sodium chloride. 
Fresh blood contains sufficient sodium chloride in itself. 

Tlie action of the acetic acid is to split the lucmoglobin into 
luematin and globin; a hydroxyl group of the hoematin is then 
replaced by chlorine. 

Haematoporpliyrin, 03^113^04!^^, is iron-free haanatin ; it may 
be prepared by mixing blood with strong sulphuric acid ; tbe iron is 
taken out as ferrous sulphate. It is also found sometimes in nature ; 
it occurs in certain invertebrate pigments, and may also be found in 
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certain forms of pathological urine. Even normal urine contains 
traces of it. It is isomeric with the bilirubin of bile. It presents 
different spectroscopic appearances according as it is dissolved in 
acid or alkaline media. The absorption spectrum figure (IIo. 9) is 
that of acid haematoporphyrin. 

Heemopyrrol is formed by reduction from haematoporphyrin and 
proves to be a mixture of several pyrrol derivatives. Similar 
derivatives are obtained from chlorophyll, a fact which illustrates 
the near relationship of the principal animal and vegetable pig- 



Fio, 101.— Haimiii crystals. (Frey ) Fio. 162.— Hsematoidin crystals. 

(Frey.) 


ments. The relationships of the derivatives of blood pigment are 
shown in the following simple scheme : — 

Oxyhaemo^bin minus protein = Oxyhoematin 

1 . I 

minus oxygen minus oxygen 

4 ' ^ 

Reduced haemoglobin minus protein = Reduced haematin 
Ilirmatin minus iron — Haematoporplwrin 
Haematin with an OH replaced Haeniin 

Haematoporphyrin on reductiQj,i''yTClds pyrrol derivatives (Haemopyrrol) 

Haematoidin. — This substance is found in the form of yellowish 
red crystals (fig. 162) in old blood extravasations, and is derived from 
the hiemoglobin. Its crystalline form and the reaction it gives with 
fuming nitric acid show it to be closely allied to bilirubin, the chief 
colouring matter of the bile, and on analysis it is found to be identical 
with it. 

Hiematoidin, like luematoporphyrin, is free from iron, but differs 
from it in showing no absorption bands in the spectrum. 


Compounds of Haemoglobin. 


Haemoglobin forms at least four compounds with gases : — 


With oxygen 

With carbonic oxide . 
With nitric oxide 


/I. Oxyhaemoglobin. 

(2. Mcthoernoglobin. 

3. Carbonic oxide haemoglobin. 

4. Nitric oxide haemogloWn. 
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Tliese (iojapoujidH have .similar crystalliiio forms with the oxo, op- 
tion of mothiomoglolmi ; o;ich consists of a mok5Ciilo of luomo^lobin 
comhined with one molocuh^ of the i^as in question, ddicy ])art 
with the (iomhinod gas somewhat readily; tlioy are arranged in 
order of stal)ilit/y in tlie above list, tlie least stable iirst. 

Oxyhaemoglobin is the compound that exists in arterial l)lood. 
jVIany of its properties have already been de.seribed in ndation to 
lies])iration. 

Wo liave seen tliat the oxygen may be removed by ex])osing the 
blood to a vacuum. The blood may also be rediu'ed by [)assing 
liydrogen tlirough it or by addition of other nMlucing agents, such 
as ammonium sul])liide or Stokes’ nxigc'ut (a.n ammoniacal solution 
of ferrous tarti’ate), or, be.st of all, sodium hydrosult)hite. One gramme 
of luenioglobin will combine with 1’34 c.c. of oxygen. 

If any of these methods for reducing oxyhaunogloliin is used, the 
bright red (arterial) colour of oxyhmmoglobin changes to tlie darker 
(venous) tint of lueinoglobiii. On once more allowing oxygen to 
come into contact with the hmmoglobin, as by shaking the solution 
with the air, the Inlglit arterial colour returns. 

’riiese colour-chaiige.s may be more accurately studied with the 
spectroscope, and the constant ])osition of the absorption hands seen 
constitutes an important test for blood pigment. It will be first 
necessary to describe briolly the instrument u.sed 

The Spectroscope. — When a ray of white light is jiassed through 
a prism, it is refracted or bent at each surface of the prism ; the 
whole ray is, however, not equally bent, but it is split into its 
constituent colours, which may be allowed to fall on a ser(?en. The 
band of (iolours beginning with the red, passing through orange, 
yellow, green, blue, and ending witli violet, is called a spcciram: tliis 
IS seen in nature in the rainbow. 

The s])ectrum of sunlight is interrupted by numerous dark lines 
crossing it vertically, called Frauenhofer’s lines. These are perfectly 
constant in position and serve as landmarks in the spectrum. The 
more prominent are A, 13, and C, in the red, J), in the yellow; K, h, 
and F, in the green; G and 11, in the violet. These lines are due to 
certain volatile substances in the solar atmosphere. If tlie light 
from burning sodium or its compounds is examined spectroscopically, 
it will be found to give a bright yellow line, or, rather, two bright 
yellow lines very close together. Potassium gives two bright red 
lines and one violet line ; and the other elements, when incandescent, 
give characteristic lines, but none so simple as sodium. If now the 
flame of an ordinary lamp is examined, it will be found to give a 
continuous spectrum like that of sunlight in the arrangement of its 
colours, but unlike it in the absence of dark lines ; but if the light 
from the lamp is made to pass tlirough sodium vapour before it 
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roachcH the spectioscope, the bright yellow liglit will he found absent, 
and in its place a daik line, or, rather, two dark linos vxu’y close 
togotlier, occupy the same ])()sition as the two bright lines of the 
sodium spectrum. The sodium vapour absorbs the same I’ays as 
those wliich it itself produces at a liigher hunperature Thus the I) 
line, as we term it in the solar spectrum, is due to the presence of 
sodium vapour in the solar atmosphere. The other dark lines are 
similarly accounted for by other elements. 

The large^^rm of spectroscope (fig. 1G3) consists of a tube 
A, called tlie collimator, with a slit at the end S, and a (amvex 
lens at the end L. The latter makes the rays of light ])assing 
through the slit from the source of light, parallel: they fall on 
the prism 1*, and then the spectrum so formed is focussed by the 
telescope T. 






Fio. IbJ. — Diagram of .sportrosi ojio 


A third tu])e, not shown in tlio figure, carries a small transjiarent 
scale of wave-lengths, as in accurate observations the position of any 
point in the spectrum is given in the terms of the corresponding 
wave-length. J 

If we now interpose between the source of light and the slit S 
a ])iece of coloured glass (H in fig. 1G3), or a solution of a coloured 
substance contained in a vessel with parallel sides (the luematoscope 
of ilerrmann), the spectrum is found to be no longer continuous, 
but is interrupted by a number of dark shadows, or absorption 
hands corresponding to the light absorbed by the coloured medium. 
Thus a solution of oxy haemoglobin of a certain strength gives 
two bands between tlie .D and K lines ; reduced lucmoglobin 
gives only one ; and other red solutions, though to the naked 
eye similar to oxyluemoglobin, will give characteristic bands in 
other positions. 

A convenient form of small spectroscope is the diT'cct vision 
spcctroscop)e, in which, by an arrangement of alternating prisms of 
crown and flint glass, the spectrum is observed liy the eye in the 
same line as the tube furnished with the slit — indeed, slit and prisms 
are both contained in the same tube. 



BLOOP-SP^TRA CO^^^ARED%IT^ SOLAR SPECTRUM. 



1. Solar spectrum. 

2. Spectrum of dilute solution of oxyhunnoglobin. 

3- >5 „ reduced hx-moglobin. 

4- n yy carbon-monoxide hemoglobin. 

5- .. jy acid haemalin in ethereal solution. 

6. ,, „ alkaline hematin. 

7. ,, ,, methemoglobin. 

8. ,, ,, reduced htematin (htemochromogen). 

9. „ „ acid hematoporphyrin. 


[Face page 37Q,',- 
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The Properties of Hsemoglobin. 

We liiive seen already t.lie ijiipevtaiice of ]i:eni()gl()])iii iji relation 
to respiration. We may now summaris(^ its ])ro})erties and it will 
be seen how well it is a(la])ted to perform its fnnetions. 

It has a peculiar adinity for oxygen, as shown by its diss()yia- 
tion cur ve^ and just as readily gives it up. ^ 

It is amphoteric, that is, it unites with acid^and alkalies. 
When oxidised, i.e, oxyhaanoglobin, in the red blood-corpuscles when 
the reaction is 7*4, it acts as an aind and combines with base. 

It takes up acids especially when reduced. This property, as we 
havii seen, plays an important part in the carriage of carbon dioxide, 
but also is important in the maintenance of the reacdion of the 
body generally. 

It acts as a source of the substances from which bile is made. 

Metheemoglobin. — This may bo produced artificially in various 
ways, as by adding potassium ferricyanide or ani}/! nitrite to blood, 
and as it also may occur in certain diseased conditions and pass into 
the urine, it is of considerable practical importance. It can be 
crystallised, and was formerly stated to contiiin the same amount 
of oxygon as oxylnemoglobin, only combined in a different way. 
Buckmaster was the first to sliow tliat methamioglobiii contains only 
half as much oxygen as oxylucmoglobin. This oxygen is not 
removable by the air-pump, nor by a stream of neutral gas such as 
liydrogen. It can, however, by reducing agents such as ammonium 
sulpliidc, be made to yield reduced luemoglobin. Methannoglobin is 
of a brownish red colour, and gives a characteristic absorption band 
in the red between the G and JJ lines (spectrum 7 in coloured plate). 
In dilute solutions other liands can be seen. 

Potassium forricyaiiidc is the most convenient reagent for making metlianno- 
globin. It is, however, nece.ssary to remind the reader that it j)roduees another 
elFect as well, namely, it causes an evolution of oxygen, if the blood lias been 
previously laked. In relation to respiration we have already seen that use is made 
of this fact in the estimation of the oxygen content of the blood. After the oxygen 
is discharged from oxylucmoglobin, fresh oxygen, due to the oxidising action of 
the reagents added, takes its place; tins new oxygen, however, is combined in 
some way different from that which was; previously united to the luemoglobin. 
(Haldane.) 

Carboxyhsemoglobin may be readily prepared by passing a 
stream of carbon monoxide or coal gas through blood or through a 
solution of oxyhamioglobin. It has a peculiar cherry-red colour. Its 
absorption spectrum is very like that of oxyha3moglobin, but the 
two bands are slightly nearer the violet end of the spe(;trum 
(spectrum 4 in coloured plate), licducing agents, such as ammonium 
sulpliide, do not change it; the gas is more firmly combined than 
the oxygen in oxyluemoglobin. CO-hsemoglobin forms crystals 
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like of (>xyhieino^lo])in. Tl, resists putref;ietioii for a very 

lon|^ time. 

Car])oii monoxide is ^^iveu off duriii}.^ tlu^ imperfect combustion of 
carbon such as ocmns in cliarcoal stoves or during tlu'. ex])losions tliat 
oc(uir in coal-mituis; it acts as a powerful poison, by combining with 
the lucmoglobin of the Idood, and thus interferes with normal 
rcs{)iratory jiroeessi's. The etfects of the formation of earboxy- 
hs'inoglobin have already l)een discussed (p 2b3). Th(5 bright colour 
of the blood jn both arteries and veins and its resistance to roducing- 
agents, are in such cases characteristic. 

Nitric Oxide Haemoglobin. -When ammonia is added to blood, and then 
a stream of nitric oxide passed through it, tins compound is formetl. It ma)- be 
obtained in crystals isomorfinous witii oxy- and CO-hamioglobm It also has a 
similar spectrum, it is even more stable than CO-haanoglobin ; it is not only of 
theoretical nnjiortance as comjilcting the series, but is of sonu; practic'al interest in 
cases of poisoning by gas liberated from high explosives. 

Tests for Blood. — lUiefly, these are inicroscupic, spectroscopic, and 
chemical, and it is well to remember that in testing for blood in the 
fjcccs in (uises of suspected ulcer it is necessary to place the subject 
on a moat-free diet for a few days prior to the tost. The best 
chemical test is the formation of luemin crystals, but the spi^ctro- 
scopic tost foi’ Jumuochroniogon is jirobably the most delicate. 
Both are usimI in nuHlico-legal work. The old tost with tincture 
of guaiacnm and hydrogen peroxide, the blood causing the tincture 
to become bluish green, is very untrustworthy, as it is also given 
by many other organic substances. The test, for instance, is given 
by milk, and is there due to the presence of an enzyme called a 
peroxidase, which is destroyed by boiling. Ihiiled blood, however, 
gives the test as well as fresli blood, and the reaction is due to 
the jiresence of tlio iron-containing radical of hiemoglobin. In 
Adler’s niodilication of this tost, benzidine dissolved in glacial acetic 
acid takes the plac.o of tincture of gnaiacum. 

In testing wlictlier or not a red lliiid or stain on clothing is 
of blood, in a nunlico-legal case, it is advisable not to rely on 
orfe test only, but to try every means of detection at one’s disposal. 
To recognise blood is usually easy, but to distinguish human blood 
from tliat of the common mammals is possible only by the 
“ biological ” test described at the end of the section on Immunity. 

Blood Substitutes. 

The jihysiulogical characteristics of blood must be considered 
from tlie point of view of substitutes which may be required to 
replace blood lost by luvinorrhage. 

If a suitable blood from another individual is not available 
to replace the lost blood, the fluid used must be as like the 
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original as possible. In order to acliieve this the fluid must 
contain sodium, potassium, calcium, and bicarbonate, as in llinger’s 
solution. Such a substitute would not, however, stay in the 
vessels, as it has not the rc(|uisite osmotic pre3ssure. It is impossible 
to make up this pressure with additional salts, since these merely 
become excreted by the kidney, or escape into the tissues. As 
we have seen, an important factor in koejung the blood in the 
vessels is the osmotic pia^ssuro of the ])roteins, which normally 
counteracts the blood-pressure in the eapillari(‘S, which tends 
to force the fluid through the ca])illary walls. Foreign protein, 
however, cannot be injecded, as it is extremely liable to produce 
shock; it is therefore necessary to add a substance which is inert 
yet will su])})ly the required osmotic pi’cssure and visi'.osity. A 
convenient substance is gum arabic, whic'h may be added to the 
extent of G per cent. In actual jumduio it has been found best to 
provide a more concentrated solution to which some glucose has 
been added. Fhis must, however, be injecded slowly. 

Blood Groups. — Ideally, the blood of another jierson is the best 
substitute for lost blood, but unfortunately all bloods are not 
compatible, but are liable to agglutinate or clump, and to hieniolyso 
each other, and so (;ausc serious sym]jtoms and even death. 

It has lieen found that individuals can be divided into four 
gr()U])s, according to the liability of their cells to be agglutinated. 
For practical juirposes we can ignore the serum of the donor, since 
it is so diluted by the blood of the recipient. Vie have, therefore, 
to consider the effect of the serum of the recipient upon the 
corpuscles of the donor. y 

Group 1 is the group of universal recipients ; that is, its 
members can receive without causing agglutination (jells of each 
of the other groups, but cannot give with safety to any but memliers 
of their own group. Individuals belonging to group 4, on the other 
hand, cannot safely receive blood from any but their owm grou]). 
Their blood can, however, be given to any other group and they are 
therefore known as universal donors. 

Group 2 corpuscles are agglutinated by group 3 serum, but 
not by their own ; while those of group 3 are agglutinahjd by 
group 2 serum, but again, not by tlieir own. 

Fy having stocks of the serum of groups 2 and 3, we can readily 
determine to which group any individual belongs ; since 1 is 
agglutinated by both, while 4 is not. The tests are made by adding 
a little citrate to the unknown blood and mixing it with the 
standard sera on a glass slid(3. The agglutination w'ill occur in 
a few minuhjs, if at all, and may readily be seen with the low 
] lower of the micros(JO])e. 

Recent work has indicated that some of the blood groups may need subdivision. 
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Immunity. 

Tiio cli(3ijii(;al defences of the ]K)dy against injury and disease are 
numerous Tiie property that the l)lood possesses of coagulating is 
a defence against laemorrliago ; tlie acid of tlie gastric juice is a great 
protection against liarmfnl l)acteria introduced with food. Bacterial 
activity in urine is inliibited by the acidity of that seciadion. 

Ibir ]nore important and widcs])read in its effects th;in any of the 
foregoing is the liactericidal {ie. l)acteria-killing) action of the blood 
and lymph; a study of this question has led to many interesting 
results, especially in connection witJi the ju'oblem of immunity. 

It is a fa, miliar fact that one attack of many infective maladies 
probicts us against another attack of tlie same disease. The person 
is said to be wiinuiu either partially or completely against that 
disease. Va(t(ii nation produces in a patient an attack of cowpox or 
vac'cinia. Idiis disease is eitluu- closely relaUid to smallpox, or 
maybe it is small[)ox modified and rendered less malignant by passing 
throi>'gh the body of a (jalf. At any rate, an attack of vaccinia renders 
a person immune to smallpox, or variola) for a certaii^number of 
years. Vaccination is an instance of what is po'otkiive inocula- 

tion, which is now practised with success in reference to other 
diseases, sucli as plague and tyjdioid fever. The study of immunity 
has also rendered ]>ossible what may bo called curatvvh inoculation, 
or the injection of antitoxic material as a cure for diphtj^eria, tetanus, 
and snake-poisoning, the use of tuberculin in consumption (and of 
vaccines prepared from dead liacteria in other diseases) comes into 
the same category. 

The leucocytes or phagocytes destroy bacteria by feeding on 
them; but the Iluid ])art of the blood is often antagonistic to bacterial 
life, and this power was first discovered when the effort was made to 
grow various kinds of bacteria in it; it was looked upon as probable 
that blood-serum would j^rove a suitable soil or medium for this 
purpose. It was found in some instances to have exactly the 
o])posite elfect. The chemical characters of the substaiujcs which kill 
the bacteria are not fully known ; indeed, the same is true for most 
of the substances we have to speak of in this connection. Absence 
of knowledge on this particular point has not, however, prevented 
im])ortant practical discoveries from being made. 

So far as is known at present, the substances in question are 
protein in nature. The bactericidal powers of blood are destroyed 
by heating it for an hour to 55° (1 AVhether the substances are 
derived from the leucocytes is a disputed ])oint. The substances, 
wlritever In; tlaur source or their chemical nature, are called hacterlo- 
I'i/si/is. 

Closely allied to the bactericidal power of blood, or blood-serum, 
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is its gloliiilicidul power. By tins is meant that the ])loo(l-seriim of 
one animal has tlie power of dissolving the red blood-corpuscles of 
another spcicies. If the serum of one animal is injected into the 
blood-stream of an animal of another species, tlie result is a destruction 
of its red corpuscles, whicli may be so exc^essivc as to lead to the 
j)assing of the liberated Inemoglobin into the urine (lunmoglobinuria). 
The substance or substances in the serum that possess this property 
arc called luemolysin^, and though there is some doubt whether 
bacterio-lysins and luemolysins are identical, there is no doubt that 
they are elostdy related substances. 

^rinal blood ])ossesses a certain proportion of substances which 
are inimical to the life of our bacterial foes. But when a person gets 
run down, every one knows lie is then liable to catch anything.” 
This coincides with a diminution in the bactericidal power of his 
blood. But even a })crfectly healthy person has not an unlimited 
supj)ly of bacterio-lysin, and if tlie bacteria are sufhciently numerous 
ho will fall a victim to the disease they produce. Hero, however, 
comes in the remarkable part of the defence. In the struggle he 
will produce more and more bacterio-lysin, if ho gets well it means 
that the bacteria are linally vanquished, and his blood remains 
rich in the ])articular bacterio-lysin ho has produced, and so will 
render him immune for a time to further attacks from that i)articular 
species of bacterium. Each bacterium aUaeked in this way seems to 
cause the development of a speeilie anti-mibstance. 

Immunity can more conveniently be produced gradually in animals, 
and this applies, not only to the bacteria, but in certain cases to the 
toxins they form. If, for instance, the bacilli which ])roduce 
dijihtheria are grown in a suitable medium, they produce the 
diphtheria poison, or toxin, much in the same way that yeast-cells 
will produce alcohol when grown in a solution of sugar. Diphtheria 
toxin is associated with a ])roteose, as is also the poison of snake- 
venom. If a certain small dose called a “lethal dose” is injected 
into a guinea-pig the result is death. But if the guinea-pig 
receives a smaller close it will recover; a few days later it will stand 
a rather larger dose; and this may be continued until, after many 
successive gradually increasing doses, it will finally resist an amount 
equal to many lethal doses without any ill elfects.r^'Tlie gradual 
introduction of the toxin has called forth the ])rodu(;tion of an 
'Antitoxin. If this is done in the horse instead of the guinea-pig the 
production of antitoxin is still more marked, and the serum obtained 
from the blood of an immunised horse when injected into human 
beings suflering from diphtheria, rajiidly ove.rcomes the disease. 
The two actions of tlie blood, antitoxic and anti bacterial, are 
frequently associate.d, luit may be entirely distimT. 

There is no doubt that in these cases tlie antitoxin neutralises the 
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toxin niiich in tho same way as an acid neutralises an alkali. If 
the toxin and antitoxin are mixed in a test-tube, pid time allowed 
for the iiiteraetion to occur, the result is an innocuous mixture. The 
toxin, however, is merely neutraUsed, not destroyed ; for if the 
mixture in the test-tube is heated to 68'’ C. the antitoxin is coagulated 
and destroyed, and the toxin remains as poisonous as ever. ,o 

Immunity is distinguished into active, and passive. Active 
immunity is produced by the development of protective substances 
in the body; passive immunity by the injection of a protective 
serum. Of the two, the former is tho more permauent. 

Bicin, Uie poisonous protein of castor-oil seeds, and ahri/i, that of 
the jequirity Ix^an, also pi-oduce, when gradually given to animals, an 
immunity, due to the production of antiricin and antiabriu respectively. 

Ehrlich’s hypothesis to explain siudi facts is usually spoken of as 
the side-chain theory oi immunity. Jfe considereil that the toxins are 
capable of uniting with the iirotopkism of living cells by possessing 
groiqis of atoms like those by which nutritive proteins are luiitial to 
cells during normal assimilation, lie terms these haptophdr groups, 
and the groups to whiidi these are attached in the cells ho terms 
'receptor grou})S, The introduction of a toxin stimulates an excessive 
prodiKdioii of reciiptors, which ai*e finally thrown out into the circula- 
tion, and the free circulating receptors constituh} tlie antitoxin. The 
comparison of the process to assimilation is justilied by the fact that 
non-toxic sul)stanc('S vSiich as milk or egg-white introduced gradually 
by successive doses into tho Idood-stream cause th(^ formation of anti- 
substances ca[)able of coagulating them. 

Uj) to this point 1 have spoken only of the blood, but workers 
are steadily bringing forward evidence to show that other cells of 
tho body may by similar measures be rend(u*ed (aipable of producing 
a corres})onding protective mechanism. 

The substances which on injection provoke the appcjarance of 
antidotes of this nature are of ]u*ot(un or })roteiii-like nature; they 
are S])oken of as antiyens. 

One further development of the theory must be mentioned. At h^ast 
two different substances are consideretl to be necessary to render a 
serum bactericidal or globulicidal. The bacterio-lysin or luemolysin 
consists of these two substances. One of these is called the iinmicne 
lody, the other the complement. We may illustrate the use of these 
terms by an example. Tho reiieated injection of tho blood of one animal 
(r.y, the goat) into tho blood of anotlmr animal {ey., a sheep) after a 
time renders the latter animal immune to further injections, and at the 
same time causes the production of a serum which dissolves readily 
the red hlood-corpuscles of the lirst animal. The sheiijVs serum is thus 
lucmolytic towards goat’s hlood-corpuscl(‘S Tliis power is destroyed 
by heating to 56'’ (J. for half an hour, but returns when the fresh 
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si'.nuii of any animal is added The specific immunisinjj; substance 
formed in the sheep is called the immune body; the enzyme-like 
substance destroyed by lieat is the eoni])lement The latter is not 
specilhi, since it is furnished by the blood of non-immunised animals, 
Imt it is nevertheless essential for luemolysis. Ehrlich believes 
that the immune body has two side groups — one which connects 
with the receptor of the red corpusch^s, and one which unites with 
the ha])tophor group of the complement, and thus renders possible 
the enzynui-like action of the complement on the rod corpuscles. 
Various antibacterial sera which have not been the success in 
treating disease they were expected to be, are probably too poor in 
complement, though they may contain plenty of the immune body. 

To put it another way: the cell-dissolving substances cannot act 
on their object of attack without an intermediate substance to 
anchor them on to the object in question. This intermediary sub- 
stance, known as the immune body or amboceptor, is specific, and 
varies with the substance to be attacked (red corpuscles, bacterium, 
toxin, etc.). The complement may be compared to a person who 
wants to unlock a door; to do this effectively he must lie ])rovided 
with the proper key (amboceptor or immune body). 

Quite distinct from the bactericidal, globulicidal, and antitoxic 
properties of blood is its agglutinating action. This is another result 
of infection with many kinds of bacteria or their toxins. The blood 
acquires the lu’ojierty of rendering immobile and clumping together 
the spi^cific bacteria concerned in the infection. The test applied to 
the blood in cases of typhoid fever, and generally called Widal’s 
reaction, depends on this fact. The sulistances that produce this effect 
are calliMl a(jghUinins. They also are probably protein-like in nature, 
but are more resistant to heat than the lysins. Prolonged heating 
to over GO"^ (J. is nei^essary to destroy their activity. 

We thus see that the means of combating our bacterial enemies 
are various; in some cases they are rendered immobile by agglu- 
tinins, and in other cases, killed by bacterio-lysins. In other 
instances, tlieir toxins are neutralised by antitoxins, and in others 
again they are din^ctly devoured by phagocytes. Metsedmikoff’s 
view, which is shared by most bacteriologists, is that phagocytosis 
is the supreme method, and the others are merely auxiliaries, or 
confined to a small number of cases. If a foreign organism is 
destroyed by the leucocytes, it produces no ill effects when it enters 
the body of a man or other animal; but if it is not destroyed, it 
grows and produces a disease, and it is therefore called gjathogenic. 
If tlie phagocytes can be induced to feed on a pathogenic organism, 
it is at once rendered non-pathogenic. The discovery of opsonins, 
by A. E. Wright, emphasises this view and shows one means 
the body possesses of persuading the leucocytes to eat bacteria. 
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wlii( 3 li would othorwiso Ixi distastofu! to ilioui. WhsIkmI bacteria 
from a culture ani u.sually nduscd by buK'.ocyb'B ; but if the 
bacbu’ia have b(3cn ])rcviously soaked in scrum, (‘specially if that 
scrum has boeu obtaiiual from the blood of au auimal ])rcviously 
immunised a.gainst that s])ecial bacterium, tlicii the leucocytes 
devour them eagerly. Something has either been added to the 
bacterium to make it tasty, or something removed from it which 
])reviously made it distasteful : whicheviu* is the c;ise, the action is 
desciabed as the action of an oj)^onin (derived from a Ctreek word 
whi(!h means “ to prepare the feast”). 

We may take the s])ecilic case of the tubercle bacillus as an 
instance where siudi work is of value. All of us are breathing in 
these bacilli every day of our lives, but many of us escape tuber- 
culosis because the opsonic [>ower of our blood is suHiciently high 
to render the bacilli an easy i>rey to l(3ucocytes. tn those to whom 
the organism is pathog(3nic, the modern treatment is directed to 
enhancing nature’s cure by increasing the opsonic ])ower of the 
patient’s blood by good food and pure air. 

Lastly, we come to a quest ion which more directly appeals to the 
physiol(3gist than the preceding, because ex])erimcnts in relation to 
immunity have fiirnislKid us with what has hitherto been lacking, a 
imians of distinguishing human blood from the blood of other 
animals. 

The discovery was made by Tchistovitch (1899), and his original 
exporiiiKuit was as follows: — babbits, dogs, goats, and guinea-iiigs 
were inoculated with eel-serum, which is toxic: he thereby obtained 
from these animals an antitoxic stuaim. lint the s(3rum was not only 
antitoxic: it ])rodnced a precipitate when addinl to eel-serum, but 
not when added to the serum of any other animal. Tn other words, 
not only has a specific a,ntitoxin be(m ])roduced, but also a spccilic 
prci'i^ntin. ^tumerous observers have since found that this is a 
general rule throughout the animal kingdom, including man. If, for 
instance, a rabbit is treated with human blood, the serum ultimately 
obtained from the rabbit contains a sp(3c.ilic ])recipitin for human 
blood ; that is to say, a precipitate is formed on adding such a 
rabbit’s serum to human blood, but not on adding it to the blood of 
any other aniimil. There may lie a slight reaction with the blood 
of allied animals ; for instance, with monkey’s blood in the case of 
man. The great value of the test is its delicaiiy ; it will detect the 
spccilic blood when it is greatly diluted, after it has been dried for 
weeks, or even when it is mixed with the blood of other animals. 

The lipides contained in cells (mainly in the cell-iiienibrane) j^lay some part in 
the relationship of such cells to toxins. The matter has been mainly studied in 
relation to red corpuscles, and the luemolysins (such as snake-venom, saponin, etc.), 
which attack them. There is some evidence that the cholesterol in the envelope 
of the red corpuscles is a protective agent. A few years ago, Preston Kyes stated 
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that Iccitliin is the aiiiboeoptor which anchors the hicinoly sin on to the red cells. 
But more recent research has failed to substantiate this view, and the compounds 
which Kyes tlescribed and called h‘cithi(h*s arc imjmn' mixtures of several sub- 
stances It is miK'h more probable that the real aj^ent at work in hieiuolysis is 
a lipolytic or f.it-spliltmg enzyme ; this splits up tlie lecithin of the cell, liberatin^^ 
olcie a(*id and deoieolecithin (that is, lecithin 7/iiniis its oleie aeul radical), and it 
is tliese cleavage products which dissolve out the iKcmoglobin and so destroy the 
corpnseh's. 

Anaplujlaxis. — Tli(3 word atta, phyla, \is daios i'roiii 1905 and was 
coined by liitdict; lie was studying tlie aiition of poisons olitained 
from the sea-anemom^, and ho found tliat if a small dose wlmdi 
caused no sym})toms in a dog was followed a week or two later by 
the same small dose, the animal became ill and usually died. This 
increased susceptibility lasted a considerable time, and he called it 
anaphylaxis {a.na against, protection). It was subsequently 
found that similar reactions may be produced when minute amounts 
of almost any foreign protein are injected into the blood-stream 
with an appropriate time interval between the injections. The 
increased sensibility to the toxic reaction is (jailed sensitisation, 
rf the animal recovers from tlie shock of the second injection it 
remains insensitive for a considerabhj time to intoxication by the 
same protein. Tt is said to have heen desensitised, but this protection 
does not extend to injection of a ])rotein of diirerent clicmical 
composition. This fact has been utilised in the determination of 
the purity of protein and in the recognition of blood stains for 
legal puiposes. These reactiims are most marked in guinea-pigs 
and dogs, but fatal anaphylactic reactiems liave ocxiurred in man, 
when the facts meaitioned above have been ignored. Numerous 
theories hav^e been advanced to exjilain these remarkable occurrences, 
but these have now become part of the subjects of Bacteriology and 
Bat ho logy. 

Eeceut investigations suggest that the staliility of body colloids, 
including those of the plasma, is altered so that they are loss 
resistant to change than those of the normal animal. 

Similar physiological reaction may follow a single intravenous 
injectimi of relatively large amounts of foreign protiun, and of 
certain medicinal substances. 'Jdie effects are known as anaphylactoid 
phenomena and are of importance in intravenous thcrajiy. 

H£emolysis. 

We have ahx'ady seen that haanolysis of the red blood-cor])us(des 
takes jilace if tlwy are expos(*d to distilled water, but tlcjy may 
be broken up in a variety of ways; 

J, By hypotonic solutions (see Fragility above). 

2. By iiKJchanical crushing. This is very liable to occur if 
blood is pumi>ed outside tlie Ixxly. 
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l)y Till sohciiis like cliloi'ororiii or (HIkm* whieh (liss()l\^(3 tlio 
(toll iiK'iii 1)1 ;mio 

4 liy siil)sl;i,ii('(‘H wliii'h lower sni’kiee leiisioii siK-h as bile 

salts and saponin 

5 I>}^ divi'i'se a.^iaits, cjj. alterna,l(^ beat and eold, ultra-violet 

rays, ebani^es in reatdiou of snrronndini; niediuin, and some 
snaIv(!-\'('nonis, ele. 

() ])y s}t(‘('ifie. lia3niolysnis. If tlie blood of annual A is injeided 
into Jininial B of anotlier sjiemes, tin? blood of B di^velops 
sp(;ealie. ba'moh'sins and b(‘eonies ('a,pabl(3 of very rapidly 
(i(‘slro)’inL>' the eorpnseles of A if they are siibsiMpiently 
111 jee.led 
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GENERAL METABOLISM AND ENERGY EXODANGES 

In gcii(3j;a.l luotaljolisin we consider the total aiiioiiiit of energy 
exchange wliicli is going on in the l)ody under varying conditions. 

Energy. — When the fuel in an engine’s furnace is burnt, there 
is no real destruction of matter, for the products of combustion 
(OOo, etc.) are equal in weight to the original fuel, plus tlio oxygon 
of tlie air whicli has entered into combination with it. During this 
com]>ustLon or oxidation, energy is liberated and energy, like mattei’, 
is also indestructible thougJi it exhibits transformations.'^ In the 
unliiiiTit fuel the energy is latent or potential;' but as tlie coal burns 
three forms of actual energy or force are liberated : one of these is 
Uglit, anotlun’ is Jicat, a,nd the third is uierluoilral u:or/>‘ which makes 
the wheels go round. There is a lixed relationship between these 
forms of energy; heat, for exanqde, can be transformed into 
mechanical work, but always in a delinitely lixed proportion. 
Kneagy may be measured in terms of foot-pounds, horse-power, or 
in heat-units, as is done by gas (a>iiipanies and in physiology. 

The Calorie * (the large calorie) is the amount of heat required 
to raise the temperature of one kilogramme of water from frcc'zing- 
point to 1'^ (J., and the instruments which measure the calorific value 
of substances are called calorimeters. 

The data necessary for the study of the energy exchanges of 
the body arc determined by the process known as calorimetry.''' 

^ The Bomb Calorimeter. — The heat of combustion of any of the 
food substances or of the excreta was originally carried out directly 
by an apparatus known as the bomb calorimeter. It consisted 
essentially of a chamber or bomb surrounded by a water-jacket 
in which the food was set alight by an electric current in an 
atmospliere of oxygen. The heat produced could be calculated from 
the rise in temperature of the water, allowance being made for the 
luurt produced by tlie current itself. 

* The ]5nLisli TJicrmal Unit is 251 '9 sin;ill c.-ilorics and is the aiiy^imt of hc;it 
required to raise one pound of water from 60" to 61' F. A theriiFis 100,000 of 
these. The small calorie is a unit in which 1 gramme takes the place of the 
kilogramme (1000 grammes) in the large calorie. 
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rt has heeii found in praotine, liowever, that it is very difficult 
to avoid lioat-loss from such an a})paratus and now it is found most 

convenient to apply the 
jticthod of indirect color i- 
nudry 'Idiis consists 
('.ssentially of measuring 
tlui oxyg(m used in 
oxidising the fuel and 
calculating the lieat pro- 
duced. The ap[)aratus 
descri])cd (lig. 1G4) is 
tliat usetl hy Henedict at 
i/he JMadional Nutrition 
Laboratory in Boston. 
The at)paa’atus consists 
of a sinall glass chamber 
(A) in which combustion 
l)y means of electricity 
is cai'ried out and 'to 
;vvhic]i is connecited a 
spirometer containing 
oxygen. The gases are 
kept circulating hy means 
of a fan and tlio carbon 
dioxide evolved is ab- 
sorbed hy soda-lime. 

le reduction in the 
amount of oxygen can 
be read off. 

Any given oxidation 

c-h.iiuboi (A), HI wliicli food iiiiy bo buiiiod (doctiKully, .i -ii .TU,rQ,rc3 

.uiim.vl liuUM'd, 01 a iii'jui1i-J)1('oc fni man Tho fall Will aiWays piOUUCO llKy 



s, 


U )4 --l>ia^iamot 

ilKJIlU'tin Ini (ixyiljCIl, ' 
Ian to luaihtaui tin* ci 
absoib oarbon dioKidi 


i.itus liv'd Im jiKR^Vctcaldt imf'1,i,\ 
liu li ( an bi» lejdcinslu'd IhioiiKb K 
culatmnol tbt'L,.isi‘s H, sod.i-lirno 
At \ ni.iy bi‘ aUaclmd a small 


111 Oi(i volumt' 
aniouiit usod (Uo 


iXVf^cn in 
diet ) 


spnomeUT indu-atfs tb« same ainouiit of heat. 

Thus, if we oxidise a 
gramme of carbon, a known amount of heat is produced, whether 
the element is free or in a chemical compound. The following 
figures show the a[)proximate number of calories produced by 
the conilmstiou of 1 gramme of the following substances: — 


Fat average 
Carbohydrate average 
Protein in body . 
Protein in calorimeter 


9-3 Star(?h . 

4’1 Glucose 
4'1 Cane-sugar 
6‘6 Alcohol 


4-2 
3-7 
3 9 
7*08 


It is, however, most iniiiortant to remember that the “physiologi- 
cal heat- value” of a food may be diffierent from the “physical heat- 
value,” i.e., the amount of heat produced by combustion in the body 
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may be different from that produced when the same amount of the 
same food is burnt in a calorimeter. Incompletely burnt ])roducts 
of protein metabolism such as urea, uric acid and creatinine are 
excreted in the urine and faces, and a small amount of heat is 
required for the solution of the protein and its products. When 
these are allowed for, theValorific value of protein is practically that 
of carbohydrate (Rubner). This is a fact which is not generally 
appreciated. The taking of proteins is an unnecessary and very 
expensive way of supplying calories to the body although they 
have important values in other respects. No diiference between the 
pliysical and physiological heat-values of fats and carbohydrates 
exists, provided, of course, that all the fat and carbohydrate in 
the food is absorbed. The figures indicate that fat is a much 
better source of energy than carbohydrate and that it is alsc'* the 
better method of storing energy from the point of view of weight. 

The energy transformed in the body is also ex})ressed as heat. 
Other forms of energy, such as physical work, must also bo taken into 
account, one small calorie being equivalent to 425 5 gramme-metres. 

Methods of Studying Metabolism. — We may study metabolism 
or the burning of fuel in the body just as we may study the burning 
of food outside the body, that is, directly or indirectly. In the 
former, we find the amount of heat produced by the body und(u' 
varying conditions : in the latter, we find the amount of oxygen 
consumed in a given time and from our knowledge of the nature 
of the fuel which is being oxidised in the body w(^ can arrive at an 
idea of the amount of heat produced. The direct method (;onsists 
of putting tlie individual or animal into a calorimeter. The heat 
produced indicates the rate of the general metabolism. 

The dilliculty of preventing loss of lieat from such apparatus 
is so groat that they have now largely been given up. They are, 
however, of considerable historic interest since all the basal work 
was done with them. 

The original calorimeter was invented by Atwater with the assistance of the 
phy.sicist Rosa and improved upon by Benedict. It was capable of measuring 
a given amount of heat generated electrically with great accuracy. 

The Alwater-Benedict, Respiration Cahtrimetar 165) consi.sts of a room with 
non-conducting walls. Through this run vcoils of water-pipes, fitted with metal 
discs. Only one of these tubes is shown in the figure (A). Any ri.se of the 
temperature of the room is at once taken up by the discs and communicated to 
the water. The whole of the heat production of the individual in the calorimeter 
is therefore spent in raising the temperature of the water. The amount of water 
which goes through the pipes multiplied by the difference in the temperature of 
the water as it enters and as it leaves the calorimeter, gives the heat output of 
the person within it. This temperature is ascertained by the therraoinelcrs {'l\ T). 

In the food calorimeter it is pos.sible to ensure the complete combustion of 
the substance placed in the chamber. It is not possible to ensure the complete 
oxidation of the food eaten. For instance, food may be retained and assimilated 
with a gain of weight to the individual. This difficulty is met in the following 
way. The air of the calorimeter is kept circulating through a scries of chambers 

N 
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in ■winch tlic carlx)!! dioxide and the water arc absorbed, and siibscquentiv 
<‘sti)nated. As the oxygen is used nj> by th<; individual, frcsli oxygen is admitted 
in known (quantities. The urine and faeces are analysed as well as the air, at 
the beginning and end of the experiment. The following additional data are 
therefore fortlicoming : (1) the (‘arbon, hydrogen, and nitrogen given out by 
the body ; (2) the oxygen taken in, and from these tlie amounts of protein, fat, 
and (^‘arbohydratt; metabolised in the body, can be calculated. The apparatus 
combines therefore the direct and indirect methods of studying metabolism. 

In the calorimeter is a bio^cle, the hind wheel of which is replaced or connected 
witli an arrangement, dynamo or a hand brake, by which the amount of 

work done can be measured. t 



Fkj 1G5 —Tlio Atwatei -Benedict calorimeter. 

Ihe calorimeter is also sujiplied with a bed, a table, a chair, and a double 
wimiow, through whieh food of known weight and composition can be supplied, 
so that an experiment may continue over two or three days, and the effect of 
work, sleep, various diets, etc., can be studied, 

Ihe Benedict differential calorimeter, now the only direct 
caloriineter used, is in scinic degree a .simpler apparatus in which the 
heat given off is measured by ftiiding the amount of heat (generated 
electrically) which must Ite supjilicd to keej) tlie tojnperature of a 
control chaml^er np to that containing the animal or man. Both 
chambers are enclosed in a common outer chamber and differences 
in their temperatures are recorded electrically. This calorimeter 
is less liable than the Atwater-Bencdict type, which it lias generally 
replaced, to be affected by accidental errors such as leakage. 

Indirect Methods.— 'idicse are the most convenient methods and 
are extensively used in the investigation of disease. In all, the 
amount of oxygen used in a given time is determined and the number 
of calories produced calculated therefrom. 
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Krogh's and Benedict's Methods . — Tn tliese inetliods, which difier 
only in detail, the individual breathes, for a given time, to and from 
^a spirometer containing pure oxygen, the carbon dioxide of the 
expired air being absorbed by passing it through soda-lime. The 
oxygen used may then be read olf directly from the spirometer. 

The apparatus is essentially the same as that for the indirect 
calorimetry of foods except that the apparatus is larger and the 
oxidation chamber connected at X in fig. 164 is replaced by a 
suitable mouth-piece or head-piece. In the case of small animals 
the oxidation chamber may be of such a size as to contain the 
animal. Such a method was originally used by Haldane and 
Pembrey, wlio calculated the metabolism from the increase of weight 
of the soda-lime. For man the indirect method may be used in 
conjunction with the differential calorimeter described above, y 

The Douglas Bag Method has the advantage of portability. In 
this method the expired air is collected in a Douglas Bag over a 
given period, say of ton minutes. A sample is analysed, usually 
by the Haldane method, and the volume obtained by passing tlie 
contents of the bag through a gas motor. The amount of oxygen 
consumed (usually 300 to 400 c.c. per min.) is obtained by subtracting 
the amount of oxygen found in the bag from that in the normal air. 
Several corrections for temperature and water vapour have to be 
made in making the actual calculation, but these need not concern 
us here. They are usually taken from tables. 

Having found the amount of oxygen consumed in ten minutes 
by any of these methods, we calculate the calories produced in 
24 hours. This depends on the nature of the fuel utilised. It 
must be realised that this is not necessarily the fuel taken in by 
the mouth, but also that previously stored in the tissues. It has 
been determined by burning food in a limited quantity of oxygen 
that, if carbohydrate is being burnt, 1 litre of oxygen produces 
5*05 calories, if fat 4’G C. and if protein or a mixed diet 4 8. For 
practical purposes the average may be taken as 5 calories, for 
the variation in the metabolism of an individual from causes such 
as nervous tension and muscular relaxation introduces such a large 
error tiiat only large variations are of clinical significance. 

In more accurate research work it is necessary to take into consideration tiie 
/T> ^ N given out , , 

respiratory quotient (R.Q.), ^ , see p. 288, which gives an 

indication of the relative amounts of carbohydrate and fat being burned. The 
reason for this is as follows. If carbohydrate was being burned, e.g. glucose 
(CcHioOe), all the oxygen lost would appear again as carbon dioxide (CO 2 ) in the 
expired air, since the carbohydrate itself contains sufficient oxygen to oxidise its 
own hydrogen. The respiratory quotient would therefore be unity and a litre of 
oxygen would have a heat equivalent of 5*05 C. 

If, however, a fat was beingf\ consumed, e.g. tristearin oxygen would 

also be used in oxidising the hydrogen to form H.^O. Thus, the amount of oxygen 
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taken in would beconie larger than the amount of carbon dioxide expired and the 
respiratory quotient would beconie less than unity and the heat ccjuivalent less 
than 5, e.g. an It Q. of 7 would iiieuii that a litre of oxygen produced 4-6 C. 

On a mixed diet the R.Q. Is about 0*82, and since protein is about the average 
its effect on the quotient need not be considered. 

The higher the respiratory quotient (i.e. the more carbohydrate is being used) 
the more heat is produced by a litre of oxygen. 

It is necessary also to introduce a correction for the oxygen lost in oxidising 
hydrogen and wliu li is lost as water. If the expired air contains 4 per cent. CO.^ 
and IQ percent, oxygen the remainder, 80 percent., must be nitrogen. Since the 
atmosjihere contains 79 ’06 per cent. N, it is evident that more oxygen per cent. 

must have been absorbed than appears, i.e. 20'94 . - 21 T9, from which the 

79-06 

amount of oxygen in the exjured air must be subtracted in calculating the actual 
oxygen used. 

A correction must also be made in measuring the expired air for its increased 
temperature and water vapour, for all gases must be measured dry at 0 C. and 
760 mm. Hg. This is usually done from tables. 

Basal Metabolism — TJiis is the mctaholisiu wliicli is necessary 
io iiiaintaiii the essential functions when the individual is in a state 
of niental and physical rest, preferably asleep, during which work 
(interjijil work) is done by various internal organs to maintain life; 
cardiac activity, respiration, body temperature, for example, must 
be maintained, ft varies with size, age, and sex, but for the 
average young adult it may be taken as 1700 calories. Tn certain 
conditions, notably' hyperthyroidism, the basal metabolic rate may 
be increased. For purposes of comparison it is usual to calculate 
the metabolism informs of body surface, which may be calculated 
from the height and weighi;. 

Small individuals and animals have a higher basal metabolism 
2)er unit of hody-wei<jht than large animals, as they have a relatively 
greater body surface from which heat is lost. As the body increases 
in size the volume increases more rapidly than the surface. 

It is found that the average young man produces about 40 calories 
per square metre of body surface per hour, and a woman slightly 
less. This is about 1 calorie per kilogram per hour. For practical 
purposes it may be noted that the basal metabolic rate is 
proportional to the heart rate in the same circumstaiu'.os. 

The Metabolic Rate depends chiclly on the physical activity 
of the individual, as is seen by the following table : — 

Man in bed 24 hours uses and requires 

(basal metaboli^) . . 1,680 large calories. 

Ill bed 8 hours, sedentary occupation for 

16 hours . . . .2,170 „ 

Bed, 8 hours; in a chair, 14 hours; 

walking, 2 hours . . . 2,600 „ 

Active outdoor life . . . 3,500 „ 

Eider in a 6 days’ bicycle race . 10,000 „ 
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It can then be said that for a given subject the metabolic rate 
indicates the amonnt of body tissue in activity. 

These ligiires are of very grea^ importance since on the basis 
of them a nation may be rationea in time of stress and the diet 
of tlie individual adapted to his needs which are indicated by his 
metabolic rate. Fuel must lie supplied to replace that burnt, 
otherwise the body will consume its own stores and become wasted. 
(See Diet below.) 

The diet itself may aflecd tlie metabolic rate, particularly the 
amount of protein taken, fo^ protein stimulates metabolism. This 
is known as the specific dynamic action of protein and is discussed 
further ])elow. External cold also increases the rate. 

The Control of the Metabolic Rate — The metabolic rate is 
controlled through the agency of certain ductless glands, especially 
the thyroid. 


THE THYROID GLAND. 

The thyroid gland is situated in the neck. It consists of two 
lobes, one on eacli side of the tracliea; these lobes are connected 
across the middle line by a middle lobe or isthmus.'^ It is highly 
vascular. 

The gland is encased in a ^psule of dense areolar tissue. Tliis 
sends in strong librous trabecKije, which enclose the thyroid vesicles — 
whicJi are rounded or oblong sacs, consisting of a wall of thin 
hyaline membrane lined by a single layer of short cylindrical or 
cubical cells. Tliese vesicles are filled with transparent colloid 
nucleo-protein material. The (jolloid substance increases with age, 
and the cavities appear to coalesce. In the interstitial connective- 
tissue is a capillary plexus, and a large number of lymphatics. 

Function. — It has been definitely established that the thyroid 
gland regulates the metabolic rate, and in the young, the growth 
of the body. This conclusion has been arrived at by observations, 
both on man and on animals. 


The Effects on Metabolism. 

The effect of Thyroid Deficiency {hypothyroidism). — 'J'his 
condition may be produced experimentally in animals ; it may 
occur spontaneously, or be produced surgically in the human subject. 
The basal metabolism becomes very low and the outstanding 
feature is slowing down of mind and body, fidiere is, as a result, 
an accumulation of fuel in the form of fat, the pulse slows, 
and in man there is peculiar degeneration of the subcutaneous 
tissues which has caused the condition to be called myxmdema 
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(fig. 167). The face and hands become grossly swollen, and this, 
together with the accumulation of fat, makes the body very un- 
wieldy. The skin is dry and scaly and the hair falls out. The 
mentality is dull and the patient answers simple questions very 
slowly. The condition is completely cured by the administration 
of extract of thyroid from other animals. 

When the condition occurs in a child the disease is known as 
cretinism, in which the subject is commonly an idiot and a dwarf, 
with all the characteristics of slowed metabolism. It was, indeed, 
the similarity between this state in the child and the state produced 



Fia. 166 .— Section througli thyroid (B) and parathyroid (A) ; C is the intervening connective tissue 
with hlood-vessols. (After Vincent and Jolly.) 

by surgical removal of the organ in man, which led to the discovery 
of the function of the glands, especially after Schiff the physiologist 
had demonstrated that surgical removal of the whole gland in dogs 
was followed by death. Nowadays, the whole of the gland is not 
removed. Cretins, which were usually the children of myxoedematous 
mothers, are now very rare. 

Nothing is more striking than the way in which cretins who 
otherwise would be idiots, under the influence of thyroid extract, 
grow into useful members of society. Here, as in the treatment of 
myxoedema, the results of experimental investigation (for the facts 
were not fully established until Schiff performed his experiments 
on dogs) have proved of the greatest service to mankind. 

The effect of Thyroid Excess {hyperthyroidism). — Tliis occurs 
when the thyroid becomes excessively active in man, and rarely 
from excessive administration of the extract. There is an increased 
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item is hyperexcitable, 
fine tremors of the 


hands. It is this excitability which commonly draws attention 
to the state. The metabolic rate is markedly above normal; the 
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individual uses up all his stores of fuel and becomes thin ; the 
heart rate becomes excessive; there is sweating. In man there 
is often produced a cliaracteristic protrusion of the eyeballs, which 
has caused tlie name cxo 2 )hthalmic goitre to be given to the condition 
(iig. 1G8). This does not occur when the hyperthyroidism is caused 
by administration of the extract, but is produced in animals if 
tlio long-acting sympathetic stimulant ephedrine is administered. 
Tlio protrusion of the eye is caused by the contraction of the smooth 
muscle in the connective tissue behind and around the eyeball. 
Death occurs from exhaustion, especially of the heart, but is prevented 
by partial removal of the organ or its destruction by X-rays. 

The success of such treatment furnishes complete proof that 
the disease is really due to the thyroid, but it has also been found 
that the blood of patients suffering from the condition has, like 
thyroid extract, the power of protecting mice against the poisonous 
effects of aceto-nitrile (OH.jClSr). 

The Relation of the Thyroid to Growth. — In young animals in 
which the thyroid has been removed, as in children in whom the 
tliyroid is deficient, there is a marked retardation of physical and 
mental growth. 

The effect on growth appears to depend not wholly on metabolism, 
but also on the relationship of the thyroid to tlie growth of 
cells. It is found that tadpoles fed on thyroid develop much more 
rapidly into frogs, although smaller than normal, than do controls 
not so fed (CTiidersnatch). Indeed, this is now a usual metliod for 
standardising thyroid extract. The Mexican axolotl, which in nature 
remains permanently in the tadpole stage, develops proper legs and 
becomes a land animal under the influence of thyroid. The adminis- 
tration of iodine ay)pears to have a similar effect which is probably 
due to an increase in the ease with which thyroxine can be elaborated 
since the effect depends on the presence of the thyroid. 

The activity of the thyroid is closely linked up, as shown 
particularly by Marino, with the metabolism of iodine, interference 
with the supply or absorption of which may lead to a form of 
thyroid disease known as simple goitre, which is a swelling of the 
gland due, apparently, to an accumulation of colloid material, but 
not necessarily associated with any symptoms. It is specially 
prevalent whore chalk abounds, as in Derbyshire, and in many 
districts iodine is administered to children as a preventive measure. 
M'Carrison has shown that simple goitre may be produced by 
infection and thus explained the occurrence of so-called goitre wells. 
Ho showed that if lishes so infected were placed in the middle 
of three pools through which water flowed from one to the other, 
the fishes below were infected but not those in the pool above. 
Apparently bacterial conditions may occur in the intestine, which 
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interfere with the absorption of iodine and in sucli cases the goitre 
may be kept in check by the use of intestinal antiseptics such 
as tliymol. He has also emphasised the role of the diet in the 
causation of goitre, especially of fats whicli tend to fix iodine, and 
a certain variety of American cabbage. Goitre is also produced by 
tlie injection of an alkaline extract of the anterior lobe of the 
pituitary body. Iodine will not, however, cure the goitre of scurvy 
or a variety which is brought about by ligature of the pancreatic duct. 
Small doses of iodine are also found to bo of definite advantage in 
exophthalmic goitre, but the effect is temporary. 

Thyroxine. 

Long before the above facts were known it was realised that the 
thyroid gland contained iodine in varying amounts according to 
the diet of the animal. Delicate chemical methods have shown that 
many of the common articles of diet, milk, eggs, onions, carrots, etc., 
contain this element in sufficient quantities for our needs. It has 
now been shown that the active principle of the thyroid contains 
iodine in conjunction with the amino-acid tyrosine, and it has 
been possible to produce thyroxine synthetically (tlarington). Its 
formula is — 

I 

I 

CH C- CH 

\ _C-0-c/ ^C-CHo . CH . NH,. COOH. 

CH ^ C - CH 

1 

I 

This should be compared with the formula of tyrosine on p. 317. 
This constitution of thyroxine emi)hasises the importance not only 
of iodine but also of tyrosine in the diet. It is excreted in the bile. 

The Control of Thyroid Activity. 

The thyroid is probably thrown into activity by the sympathetic, 
since stimulation of this nerve or the injection of adrenaline causes 
a current of action to be produced in the gland, while if an animal 
is exposed to cold which increases sympathetic activity and the 
gland examined it is found to be very active, as indicated by a large 
number of cells and a relatively small amount of colloid. It may 
therefore be considered that the function of thyroid is to adjust 
the metabolic rate to the needs of exercise and body temperature. 
Increased secretion, however, has not yet been demonstrated. It 
has been claimed that some cases of exophthalmic goitre have 
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resulted from frigid, but the most suggestive exx)erimeiits regarding 
the control of the thyroid by the sympatheth? arc those of Cannon, 
who obtained the symptoms of hyperthyroidism by anastomosing 
the phreide with the pori])heral end (»f the cervical s} nipathetic. 
The administration of anterior pituitary causes increased acdivity 
and growth and tliere apj)ears to be an inhibitory control by tbe 
adrenal cortex. 


The Conservation of Energy. 

From such calorimetric studies it becomes evident that the Law 
of the Conservation of Energy is applicable to the animal body. 

The following table exhibits the relation between tbe production 
and discharge of energy in twenty-four hours in the human organism 
at rest, estimated in calories. The table conveniently takes the form 
of a balance-sheet in which production and discharge of heat are 
compared ; to keep the body-temperature normal these must be 
e(]ual. The basis of the table in the left-hand (income) side is the 
same as VoiCs diet {q.v .): — 


r roduction of Jiml. l.,irK() 

Dischnrije of heat 

I^irge 

Motahcjlism uf 

Caldiios 

Wanning water in food, 

Calories. 

Protein (120 gr.) 

, 120x4 480 

2 ’6 kilo.s X 25“ C. 

65 

Fat (100 gr.) , 

, 100 X 9-4 940 

Warming air in rcK])iration, 


Carbohydrates .. 

( = 333 gr, bUireh) / 

. 333x 4-lC 1385 

16 kilos X 25“ X 0’24 
Evaporation in lungs, 

630 gr. X 582 
Radiation, evaporation, etc., 
at surface, plus the thermal 
equivalent of mechanical 
work done accounts for the 

- 96 

360 


2805 

remainder .... 

2278 

2805' 


The figures under the heading rroduction are obtained by multi- 
plying the weight of food by its physiological heat-value. The 
figures on the other side of the balance-sheet are olitained as follows : 
The water in the food is reckoned as weighing 2 6 kilos. This is 
supposed to bo at the temperature of the air, taken as 12'' C. ; it has 
to be raised to the temperature of the body, ST'' C., that is, through 
25° C. Hence the weight of water multiplied by 25 gives the 
number of calories expended in heating it. The weight of air is 
taken as 16 kilos; this also has to be raised 25° C., and so to be 
multiplied by 25 ; it has further to be multiplied by the specific heat 
()f air (0'24). The 630 grammes of water evaporated in the lungs 
must be multiplied by the potential or latent heat of steam at 37° C. 
(582) ; the portion of heat lost by radiation, conduction, and evapora- 
tion from the skin constitutes about four-fifths of the whole, and is 
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obtained by deducting the three previous amounts from the total. 
This table does not take into account the small quantities of heat 
lost with urine and fceces. If the man does extern^il work the 
amount of energy dissipated is increased, and he would, in 
consequence, require more to be supplied in the form of food. 
Very few men in active work get on well with a smaller supply 
than 3500 calories in their diet. 

We may state the general results of experiments of this nature 
as follows : — 

1. If an animal is doing no external work, and is neither gaining 
nor losing substance, the potential energy of the food (expressed as 
its heat of combustion) will be equal to that of the excreta, plus 
that given off as heat, that of internal work.* 

2. If an animal is doing external work, and is neither gaining 
nor losing substance, the potemtial energy of the food will be equal 
the heat of the excreta, plus that given off as heat, that of the 
internal and external work. 

3. Tf an animal is doing ikj external work, but gaining or losing 
body-substance, the potential energy of the food will equal the 
potential energy of the excreta, that given off as heat, that 
of the internal work, that of the gain by the body-substance 
(a loss by the body being regarded as a negative gain). 

4. In an animal doing external work, and gaiiung or losing ])ody- 
substance, the potential energy of the food will e([ual the potential 
energy of the excreta, that given off as heat, plus that of the 
internal and external work, plus that of the gain (positive or 
negative) of the l)ody-substance. 

Of the heat produced in the body, it was estimated by Helmholtz 
that about 7 per cent, is represented by external mechanical work, 
and that of the remainder about four-fifths are discharged by radia- 
tion, conduction, and evaporation from the skin, and tlio remaining 
fifth by the lungs and excreta. This is only an average estimate, 
subject to much variation, especially in the amount of work done. 

Body-Weight depends on the relative amount of energy taken in 
and lost — potential energy being stored in the form of fats. Tn tiie 
young the income exceeds the expenditure and tlie body gains in 
weight, but a balance is usually arrived at later. The law of the 
conservation of energy holds in relation to stout persons whatever 
their own opinion of the matter ! Many simply eat too much. 

To gain weight it is necessary to take in more calories than are 
expended. Children often expend large amounts of energy and 
since their body surface is relatively largo the smaller they are the 
faster their basal metabolic rate. 

To lose weight the reverse is necessary and in order to satisfy the 

* If wc include the excreta we do not include tlie wanning of food. 
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appetite, foods aucli as fruit and green vegetables aie taken ratlier 
ilian fats and ear])ohydrates. Proteins free from fat are to be 
])referred to (carbohydrates because of their stimulating effect on 
meta])olism. Sometimes thyroid extract is taken as a metabolic 
stimidant, but care must be taken becaiuse of its cardiac effects. 
A pulse rate over 100 may be regarded as a danger signal. Whatever 
the ]ncthods used to change tlie body- weight it should be emphasised 
that the process should bo gradual or it becomes unsafe. 

It is, however, w(3ll known tliat some normal individuals cannot 
get fat or thin at will. There is little dilference in their basal 
rate, lait apparently there is considerable variation in the response 
to protein, tlie thin person ])eing unduly stimulated l^y it. 

Abnormal increase of body fat occurs in deficient activity 
of tlie thyroid gland and the pituitary ]:>ody whicli affects carbo- 
hydrate metabolism. 

The requirements of the young in regard to body-weight are 
more extensive than those of the adult, f(U' materials have to be 
taken in to support growth. As will be seen later, in addition 
to sufHcioiit calories an optimal protein and salt intake is necessary 
and vitamins specially needed for growth must be siqiplied. 
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CHAPTER XXTV 


DIET 

The Quality of the Diet. — Froni what lias been said of the chemical 
constitution of the liody, it is evident that a large variety of substances 
must be supplied to nourisli the liody adequately. They are : — 
(1) Protein, tlie most important constituent of meats. (2) Carbo- 
hydrate, contained in staridiy and sugary substances. (3) Eats. 
(4) Water. (5) Salts. (6) Vitamins. 

As originally pointed out by Liebig, food is necessary to build 
up tissue and to act as a source of energy. The .former function 
is more particularly the duty of the protein of the diet, the latter 
is performed for the most part by the fats and carbohydrates. 

The water is necessary to promote the solution of sulistances 
during alisorption, metabolisni, excretion, etc., while the salts and 
accessory substances act as general regulators of body processes. 

It is also important that the foodstuffs should be provided in 
a digestible form. As an instance of this many vegetables, peas, 
beans, lentils, contain even more protein than beef, but they are 
not so nutritious, as they are less digestible, much passing out 
in the fieces unused. 

The food also must liave a certain minimum bulk, in order 
that it may stimulate the intestine and so be propelled along 
the gut. Most natural foods contain a certain amount of indigest- 
ible material or roughage such as cellulose, which are not much 
affected by the digestive juices and which keep up the bulk 
of the intestinal contents. Unfortunately, many modern foods, 
e.g. white flour, have this roughage removed by })urification, and it 
is claimed that this is responsible for constipation. When such 
articles of diet are eaten the necessary roughage should bo added 
in the form of fruits and vegetables which contain cellulose. 

Tn considering the amounts of the various body requirements 
we may roughly compare the body to a steam engine. To 
maintain this in order it is necessary to supply it with fuel and 
also to repair worn parts. The burning of the fuel gives rise to 
heat and also generates the work which it is the o])ject of the 
engine to accomplish. Food in relation to the body fulfils the same 
two uses, for it undergoes combustion and thus the bodily heat is 
kept up, and work is rendered possible. Food also achieves the second 
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function, and supplies the material for the repair of the body’s 
framework which undergoes wear and tear as a result of activity. 
Here, liowever, the body is superior to the engine; in the case 
of tlie latter, repair has to bo accomplished by means of “spare 
parts,” or at any rate of material similar to those originally 
employed in the construction of the machine; the living body is 
a])le to utilise for repair certain materials, the proteins, etc., in the 
food which are not identical with its own substance, but which 
are rendered identical by digestive and metabolic processes. 


The Requirement of Protein. 

How much protein is really necessary in the diet is a subject 
which has been much discussed and which is of considerable 
importance, since this constituent of the diet when taken as meat 
is much more expensive than the others and there is evidence that 
excess may be harmful in that it may throw unnecessary strain on 
the organs which have to deal with it. 

When we take in protein we do so essentially to replace tissue 
^vastage whicli is indicated theoretically by the nitrogen excreted 
when no nitrogen is taken in the food; we must consider whether 
or not the minimum intake of nitrogen to replace nitrogen lost 
is really the optimum. As we shall see, the form in which the 
nitrogen is taken is of great importance. 

By far the most important experiments on this subject are those 
of Chittenden on himself, his colleagues, and his students, and on 
soldiers and athletes, over comparatively long periods of time. The 
protein intake was reduced to half or }ess than half the quantity 
hitherto regarded as necessary. The tlepreciation was followed by 
no untoward results ; indeed, it was stated that the muscular force 
in an athlete was increased. Mental activity was claimed to be 
undiminished, and the desire for rich food soon disappeared. 

The important character of Chittenden’s work gave the faddists 
on matters of diet an important opportunity of being listened to. 
There was, for instance, a group of these to whom the very necessary 
act of chewing assumed almost the nature of a religious ceremony, and 
they have sought to convince mankind of its superlative importance. 

There are in connection with the Chittenden diet several circum- 
stances that should make us pause before we accept his conclusions 
to the full. Many people eat too much; would it be advisable 
for us all to eat too little, and is Chittenden’s diet too scanty ? 

No doubt the over-eaters would benefit by eating too little for a 
time. They would give their overtaxed digestive and secretory 
organs a necessary rest, and have time to consume some of their 
accumulated stores of material. It is quite possible that the benefit 
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noticed in some of the subjects of Chittenden’s experiments was 
due to such a circumstance as this, or to the regular life they 
were compelled to live, quite apart from diet altogether. But to 
eat too little as an ordinary and permanent thing is quite another 
matter ; and it is interesting to be able to record that most, if not 
all, of the subjects of Chittenden’s experiments have now returned 
to their previous dietetic habits. 

So far as it is possible to read history correctly, man has always, 
where ho can, taken instinctively more protein than Chittenden 
would allow him, and with few exceptions, the meat-eating nations 
are those which have risen to the top. j/ 

If one may draw correct deductions on questions of diet from 
animals, a restricted diet over a long period has proved detrimental. 
Moreover, a careful study of Chittenden’s own analytical figures, 
such as Benedict has made, shows there was in some cases distinct 
impairment of health. 

But still the question remains, why an apparently large 
excess of nitrogen which the body casts out within a few hours 
should be advisable? Tlie answer to this appears to be, that 
though most of the cleavage products of protein metabolism are 
dealt with in this way, there are some which are especially precious 
for tissue reconstruction, and it is for these that we put up with 
the excess of waste. The largo size and activity of the normal liver 
seem to be for the express purpose of dealing with this waste rapidly. 

Nature does not work in minimums : Leathes puts it very well 
when he says it is not considered unphysiological to take more food 
than will yield the minimum of ftecal refuse ; and he also points out 
that in the infant, even allowing for its growth, the normal amount 
of milk provided for it by nature is ten times greater than would 
appear to be the necessary minimum ; and this is probably a safer 
argument than the one so often used when the instinctive habits of 
past centuries of adults are appealed to. 

It is probable that young growing animals have a larger protein 
requirement than adults. It is usually considered that adults 
require about half that of an infant on milk, indeed this is clearly 
shown by a study of the amino-acids necessary for growth and 
for maintenance (see Essential Amino- Acids). 

It would seem, however, that there may be an optimum protein 
intake. Young rats have been found to live longer and to have 
higher body- weights if fed on this optimum (about 16 per cent.) 
than those given amounts above or below this optimum (Slorraker). 

.As we shall see later in relation to the use of protein in the 
body the proteins are necessary not only for repair Imt contain 
the amino - acids from which the body manufactures some of 
its most important regulators such as thyroxine, adrenaline, 
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and insnlin. The possosaion of such substances in abundance 
must contribute materially to the well-being of the individual 
and may assist him also in repelling bacterial invasion. Tt has been 
suggested that siicdi undefined (pialities as ‘‘energy” and stamina, 
in part at least, may dejiend on proteins, but the psychological 
make-up of the individual is probably as much concerned. The 
subject is dealt with in more detail in relation to protein synthesis. 

The Specific Dynamic Action of Protein. — Protein has one 
property out of all proportion to that possessed by other foodstuffs: 
it very largely increases the production of heat in the body. People 
(as in Chittenden’s ex])eriments) on a low protein diet siificr intensely 
from the cold. One can double the heat production in a dog by 
giving it a large quantity of meat. Tlio extra heat ap[)ears to 
bo due to the deamination of amino-acids and th(^ formation of 
urea (Wilheling). Experiments with glyidne and other amino- 
acids have proved this fully. Hence it acts as a chemical stimulus 
to metabolism, and not in virtue of its energy-content. This specific 
dynamic action of protein (Uubner) must not be lost sight of in 
settling the right amount which we should take in our daily food. 
Eoughly speaking, all the calories liberated in carbohydrate com- 
bustion may be used to produce work: the ligure in fat combustion is 
nearly but not quite so high, wliile only about 70 per cent, of the 
protein calories are capable of conversion into any form of energy other 
tlian heat. As we have already observed, the specilic dynamic action 
of protein may vai'y in different individuals. A less specific action 
is produced by carbohydrate when glucose is converted to glycogen. 

Sources of Protein. — ^The main source of protein is the flesh 
of animals and fislies, but we can also get protein in milk, cheese, 
eggs, potato, and even flour contains about 10 per cent. ; the 
leguminous foods, peas, beans, lentils, also contain large quantities. 
These useful vegetables contain as much ])rotein as beef and mutton, 
and if j^'^'opcrly cooked arc almost as easily digested. Nevertheless 
some proteins are better adapted to animal nutrition than others ; 
the most adaptable are those of animal origin ; but there are some 
vegetable proteins which are nearly equal to them, and of these the 
protein of potato stands pre-eminent; but unfortunately the potato 
does not contain very much (see Biological Value of Protein). 

Meat is eaten because it forms a concentrated form of easily 
digestible protein, and protein is the great repairer of tissue waste. 
As a source of energy, it is about equal to carbohydrate and far 
inferior to fat; considering its price its use is therefore not 
economical. The man who works hard requires no more meat than 
the man in the arm-chair. The “Eoast Beef of Old England” is 
really not the source of a large amount of energy, however much 
the contrary may be believed by those ignorant of physiological 
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principles. An engine called upon to do more work does not 
necessarily want repair : wliat it needs is more fuel (coal or petrol). 
The human engine, if healthy, is the same; the invalids who do 
need repair are dealt with on different lines. It must be admitted, 
however, that meat, especially if fatty, delays the onset of hunger 
longer than carbohydrate. This is often confusing to those who 
do not understand (see Hunger). 

The war - time allowance of meat was quite sufficient for 
physiological purposes, and the reduction was of great benefit 
to those who had been big meat-eaters previously. The difference 
])etween meats lies largely in their palatability and their digestif 
bility, i.e., the readiness with which the digestive juices can penetrate / 
between their muscle-fibres. Tlie white flesh of chicken and fish/ of 
“ light diet ” is considered to be more readily digestible and hence 
it is given in illness when digestion is impaired. From our know- 
ledge of digestion we know, however, that the cooking is often quite 
as important as the choice of the article in promoting digestion. 

Many of the (dieaper cuts of meat properl}^ cooked and the 
flesh of tlie cheaper fishes such as herring and cod or cheese are 
as satisfactory sources of protein not inferior to more expensive 
varieties. Kreezing does not aftect the nutritive value of food, but 
if^vour is to be retained slow thawing is essential. There is, 
however, little accurate knowledge on the subject of flavour. 

Veyctarian Diet . — The facts regarding the constitution of proteins, 
in sjute of the pleadings of vegetarians, go most emphatically to 
show that vegetable proteins are not so valuable as animal proteins, 
which contain more ado(piate amounts of the essential amino-acids — 
a Consideration which is specially important in the young. We 
shall also see later that the nitrogen requirement of the body is 
more readily supplied by meat, eggs, and milk than by any other 
source of protein. Moreover, as we have already noted, vegetal)le 
proteins are as a rule less digestible than those of animal origin. 

The Daily Calorie Requirement will depend on the size of the 
man, on the temperature to which he is exposed, but chiefly on 
variations in his physical activities, as is indicated by the study 
of the average metabolic rates of persons employed at different 
occupations. This has already been discussed in the previous 
chaptcjr. A man of average size who stays in bed for the twenty- 
four hours needs about 1700 large calories in the day to maintain 
his temperature and his respiration, to keep his heart beating, and 
so forth. The remainder of the calorie supply in an active person 
can be utilised for the performance of work. The peace time 
allowance for a man doing a day's moderate muscular labour is food 
equivalent to about 3400 calories, and under condition of extreme 
work this may rise to 4000 in a day or even higher. 
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Tlie British civilian ration during the War was below the 3000 
level for those not engaged in severe physical work. In the Great 
War the civilian population had to put up for a time with such a 
trivial hardship in order that active workers (munitioners, labourers, 
and men at the front) might get the share they really needed. 
Those who were engaged on particularly hard physical work, e.g. 
woodcutters, requiring 5000 to 10,000 calories, were unable to take 
all the calories they needed in the form of carboliydrate and 
had to bo given a special ration of fat in spite of the shortage of 
that commodity which was used for making munitions. The extra 
was conveniently supplied as fat bacon, and fat, as we have seen, 
is a condensed form of fuel, and it is this which is so necessary 
for stoking up the furnace when extra expenditure of energy is 
needed. The military ration, however, excee(led 4000 calories. 

Rations for Brain-workers. — The brain works economically: 
any measurable increase in energy-output is negligible, and so it 
may bo at once said that the brain-worker requires i\o increased 
intake of food. The food ]nust naturally be easily (ligestil)le ; one 
cannot expect a man to do good mental work who is suffering from the 
pangs of dyspepsia, but beyond this anything further is unnecessary. 

In making calculations for large scale investigations, the systeim 
of man-values introduced by Cathcart and Murr.ay is commoij^ 
used in which a man is considered as needing TOO, ie. 3400 C., ^ 
woman 0‘83, and children under three as 0’40, OTO being add^ 
for each two years until adult value is reacl^d — at 14 yemi 
Persons over 65 years are calculated as 0*75. m 

The subject of the storage and loss of calories nas been discussed 
further in the section on Body- Weight. 

The Balance of the Diet. — As has been stated in the previous 
chapter, eacA food constituent has a definite calorific value per 
gramme : jpRtein (in the body) 4 * 1 , carbohydrate 4*1 and fat 9 * 3 , 
but the rCTative amounts of each which may be taken depend largely 
on personal taste and on the actual articles of diet available. 

The various diets put forward by older investigators have much 
in common with those which have been officially recommended of 
recent years. 

It is considered that the figures 3400 calories should be made 
up from 100 grammes of protein, of which 50 grammes should be 
protein of animal origin, 100 grammes of fat, preferably of animal 
origin, 500 grammes of carbohydrate. 

This allows for 10 to 15 per cent, of the daily calorific require- 
ments to ho derived from protein and for any waste duo to 
incomplete digestion and in preparation. Such a diet supplies 
more calories than the older diets of Voit or Eanke, which were, 
however, sufficient for sedentary occupations. Attention must also 
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be paid to salt and vitamin requirements. An idea of what, iindnr 
modern conditions, appears to be tlie best choice of diet from the 
point of view of cost and efficiency is indicated by the tables given 
at the end of this (diapter. 

The physical characteristics of food affect the amount which can 
be taken. For example, it would be theoretically possible to supply 
all the calories in the form of meat, but it would require some 
six pounds, and clearly the quantity would become unpalatable. 
Fat is essential when large amounts of physical work are being 
done. If this constituent of the food is reduced, disagreeably large 
quantities of the other foods have to be taken to make up the 
required calories. 

The Salt Requirement. 

It is not necessary to do more at the present stage than to 
mention the salt requirement of the diet, since the average diet 
contains adecpiate amounts of all the necessary salts. This is, 
however, not always so. For example, in some areas the iodine 
content in the ordinary foods is deficient and goitre results. The 
iodine is necessary for the formation of thyroxine {q^.v.). Excess 
of calcium and of certain fats may interfere with the metabolism 
of iodine, or the activity of micro-organisms may interfere with 
its absorption froiii the intestine. Amongst tlie other essential 
salts of the diet is calcium, necessary for the bones, for blood 
clotting, and for cardiac contraction. Calcium al)sorption is reduced 
wlien there is deficiency of vitamin D or of sunlight, and rickets 
may result, ritosphorus is required for the bones, for the buffers 
of the blood and, possibly, for intestinal movements; iron for 
the red blood-corpuscles. Although, like iodine, iron may be 
present in sufficient amount in the diet, it is not necessarily 
properly absorbed, and red blood-corpuscles may be deficient 
{i.e. anaunia) as a result. According to M‘(kince the iron-deficient 
diet of the average woman is responsible for a shortage of hemo- 
globin. Sulphur appears to be necessary for oxidation processes. 
These elements are all present in meat, eggs and milk (except 
iron). 

The requirement of other mineral elements is suggested by 
their presence in the body. Copper is [u'osent in minute quantities 
in liver, kidney and heart, and ini|^nces the metabolism of iron. 
It is present in the seeds of legumes. Manganese and fluorine are 
present in many vegetables. The former greatly accelerates the 
action of oxidising enzymes. The latter is in the enamel of teeth 
and in bone. 

Magnesium is present in blood, bone and teeth to a considerable 
extent, and deprived of it rats do not thrive (M'Cance). Their bones 
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are brittle and they de\'elop diarrlicea, but tlie .significance of its 
presence is unknown. 

A most remarkable fact is the knowledge of animals, that they 
f^ire deficient in certain salts. Defiidency in calcium will lead to 
their devouring lime, while in Kew Zealand a dis(;ase of animals, 
which is the result of their eating skeletons in search of phos- 
phorus, is known. .In war-time in the Sinai desert horses and men 
preferred to drink'/irackish water to fresh. 

Many of these substances have a constant level in the blood and 
are discussed in relation to this later. It should, however, be noted 
that und(ir conditions of excess loss of an element, ej/. sodium, from 
sweating, an additional supply in the diet is ne(;ossary. 

The Water Requirement. 

Water is necessary for the solution of the foodstuffs prior to 
absorption in the blood-stream. Lack of fluid with meals may lead 
to lack of absorption of food. Water is necessary for a large number 
of body processes and, if iiisiifhcient, may lead to unfortunate results. 

When sweating, in order to cool the body, is excessive, the urine 
may become so concentrated that precipitation of certain of its 
salts may occur and eventually, on frequent repetition of the ])rocess, 
“stone'' may bo formed in the urinary passages. This is still 
very common in the East. Ordinarily, we must remember, that in 
addition to the water which we take as such, we produce large 
quantities in the oxidation of the hydrogen of the foodstuffs ; glucose 
produces more than half its weight of water. From a study of 
the water content of the various foods it is seen that some contain 
large quantities of water as such; indeed, the major paid of most 
fruit and vegetable is water. 

Vitamins."^ 

Although a diet may be adequate from the })oint of view of 
protein, carbohydrate and fat, it has now been definitely established 
that certain accessory food substances are necessary in the diet to 
maintain good health, especially of growing animals. Experience 
gained in Expeditions, in the old ^sailing ship days, and of the 
health of prisoners, had long indicated this. It was not, however, 
until Eijkman, from his experience of prison diets, and, independently, 
Hopkins, from his investigation of restricted diets in relation to the 
essential amino-acids, placed the subject on an experimental basis that 
the importance of these accessory food factors was fully appreciated. 

The factors are, for the most part, products of the plant world, 
and from this source they are acquired by animals. Many are 
relatively simple chemical substances and have now been obtained 
* So called because they were first thought to be amines. 
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in a crystalline form. They may be distinguislied by differences in 
their source, in their action and in the maladies (deficiency diseases) 
winch result from tlieir absence. It is customary to name those 
recognised as A, B, C, ]), and E. A, ]), and E are soluble in fats, 
B and 0 in water, the other great solvent in the body. 

The Pat-Soluble Vitamin A. — -In 1912 Hopkins, in investigating 
the essential amino-acids of the diet, attempted to feed young rats 
on pure food mixtures containing approximately the constituents 
of milk, caseinogen, starch, cane-sugar, and inorganic salts. The 
energy- value was adequate but growth ceased. The addition of 
a minute amount of milk caused the recommencement of growth. 
In 1913 McCallum and Davis showed that this essential substance 
for growth, now known as vitamin A, was pn^sent in the fat of 
butter and egg yolk. The original source is the green plant, 
whence it is acquired by animals, and becomes dissolved in their 
fat. Thus it is present in milk and butter, provided the cows 
are fed on green food. Animals have the power of storing the 
vitamin in their livers from which it may be obtained in the 
oil. 3die oils of fishes which feed on green plant organisms 
in the sea, directly or by eating smaller fishes which do, are 
particularly rich in the vitamin. Hence the^virtuo of fish liver 
oils. Butter sulistitutes, such as margarinesKuade from vegetable 
fats, have usually no vitamin A and little I). Both A and D are 
pres(}nt in egg yolk. 

It is important to observe that vitamin A is very liable to 
destruction on heating, but it is now clear that this depcmls on 
oxidation processes. Milk can, therefore, be sterilised at quite high 
temperatures in an autoclave (air free) without losing its vitamin, 
which, however, is destroyed by ordinary boiling or oven ingfe aeration 
at all temperatures. Sjieaking generally, condensed milk still has 
enough vitamin A, and dried milk also, provided the latter has 
been made by a process such as passing it over a heated drum, 
whicli dries without permitting too long exposure. 

Deficiency in vitamin A leads to the lack of growth of young 
animals, which is eventually fatal, and to a greatly increased 
tendency to bacterial infection, especially of the eyes. Degeneration 
of the spinal cord, interference with reproduction, and keratinisation 
of epithelial cells causing xcroplV^iialmia may also occur. Deficiency 
also leads to a form of night blindness from interference with the 
activity of the visual purple, 

The parallelism between the yellow colour and pntency of 
vitamin A in foods (Steenbock) led to the finding that the vitamin 
is related to the pigment carotene.* It has been shown that the 

* Tlie international unit ado])ted by the League of Natioics is () 6 mierogram of 
/:i-carotene. 
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administration of carotene causes the (diaracteristic blue colour 
with antimony trichloride to appear in the livers and prevents 
infection in rats fed on a diet deficient in vitamin A. The results 
suggest that carotene is converted into the vitamin in the liver. 
Vitamin A is an unsatiirated alcohol having the formula 
Its strong al)sorptiou band in the ultra-violet is characteristic and 
is made use of in estimations. ' 

The Antirachitic or Calcifying Vitamin D, and Sunlight. — 
In the study of animals fed on diets deficient in vitamin A it was 
found that rickets was commonly produced, and later it was 
recognised that the antirachitic and growth-promoting vitamins 
were present in different amounts in fats from different sources 
(Hopkins, Mellanby). This vitamin has the same source as vitamin A, 
but may be distinguished from the latter by the fact that it is less 
easily oxidised; for example, cod-liver oil if exposed to the action 
of oxygen at 100° C. for twenty-eight hours loses its power to 
cure xerophthalmia in rats while the action of vitamin I) remains 
(McCollum). It therefore withstands ordinary cooking and pre- 
serving ])etter than A. Butter, on the otlier hand, is less active 
than cod-liver oil in curing rickets, although more effective in curing 
xerophthalmia. Vitamin A may also be distinguished by the fact 
that it gives a blue colour with, arsenic chloride. Vitamin I) is 
present in small Quantities in vegetable oils winch contain no 
vitamin A. TuniVy fish liver oil contains most. This vitamin is 
present in yeast and a wide range of lower plants when fresh, but 
they rapidly lose their vitamin when cut. As in the case of A, 
ordinary Miiter milk, therefore, contains very little of the vitamin 
unless the cows have been specially fed on fresh green food, 

Tdie absence of vitamin I) or of sunlight leads to imperfect 
calcification of the bones (rickets), and of the teeth. In rickets the 
bones are so soft that the legs bend under the weight of the body. 
There is lowered ])hosphorus (1'5 mg. per 100 c.c. instead of 5 mg.) 
and calcium* in the blood. Tlie bones of rachitic animals will calcify 
if incubated in normal serum, but not in rachitic serum, showing that 
the bone has the power to calcify if the salts are available. 

That back of vitamiiA-I^ is responsible for dental caries has now 
been abundantly proved by Lady Mellanby, although, apparently, 
some persons require more vitamin 1) than others. There seems 
to be little doubt too that many children in receipt of a full quantity 
of vitamin D have caries because of their difficulty in digesting 
fat or other digestive disturbances. Attention to the diet and the 
giving of vitamin without the fat may result in striking improve- 
ment. For complete dental developments carotene appears to be 
also advantageous. See fig. 168 a, p. 409. 

* Tfie calcium also falls, but later. 
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'W. 1C8 a. —Photographs of the aurfac(riu4,.^fnotomierographs of sections of tlie lower eavnassials i f t nr |iii]ij)ics of the 
same litter. Tlie basal diet included oatmeal, peanut oil, separatcid milk powder, salt, yeast, Iran mrat and orange 
juice, and was the same for all. 

A. Basal diet only The enamel surface is rough and pigmental. Histologically the enamel is \cry thin and the 
dentine is also very thin and poorly calcilled, showing many largo iuterglobular spaces. 

B. Carotene added to the ba,sal diet. Tho enamel surface is rough and pigmented. Histologically the enamel is 
thin and slightly pigmented, while the dentine is thicker than in A but shows many intcrglobular spaces. 

C. Badiostol added to the basal diet. The enamel surface is coniparatively smooth and white. Histologically the 
enamel is thick and well calcified, while tho denliine is very much thicker than in B and well calcified. 

p, Carotono and radiostol added to the lasal diet. Tho enamel surCice is comparatively smooth and white. The 
section shows thick enamel and well calcified dentine. (Lady MoUaiiby.) 
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The function of the vitamin is, apparently, to correct any 
improper balance between the calcium and phosphorus intake, and 
the greater the disproportion of these two elements the more 
important the vitamin, but even if these substances are present in 
proper amounts the vitamin is necessary. The vitamin appears 
to increase the retention in the body of calcium which may be 
available in the food, and ma}'' increase the amount of calcium 
absorbed by the intestine. 

Not long ago there were opposing views on rickets and its 
treatment. One group of workers insisted on the importance of 
diet (E. Mellanby and others), and another insisted on exercise and 
sunlight (L. Findlay, Patou). The discovery by Huldschidsky in 
1919, that ultra-violet light would cure rickets and that vitamin J) 
may be produced in foods by similar treatment, has shown that both 
were right. This production of the vitamin by irradiation depends 
on the ])resence of ergosterol (a sterol first obtained from ergot). 
In man, it is assumed that the sunlight activates ergosterol in 
the skin, for the feeding of excised human skin if irradiated will 
protect rats against rickets but not if not irradiated. How this 
occurs is not yet clear, since the penetrating power of ultra-violet 
light is very poor, being only a millimetre. Excess of the vitamin 
leads to excessive precipitation of calcium throughout the body 
(Kreitmar and Moll). 

A pure crystalline substance “calciferol,” which has all the 
properties of vitamin D, has now been prepared (Bourdillon). 
The activity of 0-025 microgram of this has 1)eon adopted as the 
international unit. 

Vitamin D is antagonised by feeding animals on certain cereals, 
especially maize and oatmeal. Animals fed on such substances 
require much larger amounts of vitamin J) to prevent them from 
developing rickets. The substance responsible is apparently phytic 
acid (Callow and Bruce). Fortunately those who take porridge usually 
take with it an ample supply of milk. If the oatmeal is exposed to 
ultra-violet light, vitamin D is produced in it. 

The Water-Soluble Antineuritic Vitamin B 1. — This vitamin 
is contained in the outer layer of seeds, which layer contains 
the embryo plant, and may be removed in milling. It is therefore 
practically absent in white flours, but present in wholemeal 
flours. Since it is fairly resistant to heat, it survives ordinary 
])aking, provided the temperature does not go above 100° C. 
Tlie vitamin is also present in the yolk of eggs but not in 
the white, and milk and meat contain very little. Commercial 
preparations are made from yeast, a rich source of this vitamin 
and also rice polisliings. 

It was observed by Eijkman in Java, that the use of polished 
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rice led to the production of so-called polyneuritis, both in man 
and in birds, although the diet was apparently otherwise adequate. 
The addition of the rice polishings, or of aqueous extracts of these 
to the diet, cured and prevented the condition. Jansen, Wiiidaus, 
Peters and otliers hav(^ succeeded in extracting from yeast crystals 
of a vitamin B hydrocliloride, C^.TIigOlSr^S, 2HC1, of which 0-0()2 mg. 
])er day protects pigeons against the neuritic symptoms. The crystals 
give a specific diazo-piiik colour reaction (Kinnisloy and Peters) 
and according to Williams have a pyrimidinc-thiazole nucleus.* 
This is now known as aneurin and is intimately concerned with 
the breaking down of pyruvic acid, an intermediate product between 
glucose and carbon dioxide. “ 

The neuritic symptoms which results^^ paralysis or weakness 
of muscles and ameathesia, has led to the vitamin being known as 
the antineuritic one. Idiia avitaminosis is characterised by general 
wasting and degeneration of tissues which are due to the inanition 
following a lack of appetjte specific to the lack of vitamin B 1. In 
pigeons there is opisthotonos (dorsiflexion of the spinal column), 
convulsions from involvement of the brain — and death in about 
four days after complete lack. Specific also is a disturbance in 
the oxidation of products of intermediate carbohydrate metabolism. 
Even in vitro I’etevs and his associates have shown that minute 
amounts of vitamin J will improve oxygen uptake, indicating that 
it is a tissue catalyst. Both acute and chronic symptoms are known, 
unlike the former the latter do not clear up quickly when the vitamin 
is given. Reproduction is indirectly affected by oxygen lack. 

In man the disease is known as beri-beri, in which there are 
commonly nerve degenerations due to a simultaneous vitamin-A 
deficiency which must bo treated also (Strong and Crowell). 

According to McCarrison, deficiency of this vitamin causes an 
increase in the size of the suprarenal and is responsible for much 
general malaise and lack of vigour in man. It is claimed also that 
deficiency in this vitamin results in a loss of tone of the gastro- 
intestinal muscles. 

Vitamin B2 Complex. — This was first thought to be a single 
substance like vitamin B 1 but it is known to consist of several 
factors. The pellagra-preventing and antidermatitis factors are 
thermostable and not present in the same amount in alcoholic 
extracts of yeast as vitamin B 1. The factors of the complex are : — 

1. The pellagra-preventing factor is now known to be nicotinic 
acid. The amide of nicotinic achl is part of the molecule of 
co-zymase, which plays an important part in the metabolism (jf 
carbohydrates. Pellagra is a disease of maize-eating ])eu})les 

* The international unit i.s 10 ra^. of a standard absorption product prepared 
from rice polishings, 20-30 mg. of this will cure polyneuritis in a pigeon of standard 
weight (300 gms.). 
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cluir.'udoiiscd l)y dcnriatiti.s, intestinal di.stur])anco, diarrhcoa, 

and dcgonoraiion of the bowel-wall. \ , 

2. Ribo-fiavin forms the prosthetic group of Warburg’s yellow 
oxidation enzyme and is probaldy an oxidation catalyst. Lik(i 
nieotinu; acid it is pnisent in eggs, liv(u-, milk and yeast. In 
its abseiic.e I'ats and dogs do not grow and may develop cataract, 
and is ])robal)ly necessary for man. 

2. Vitamin B G lias somewhat the same properties as the pellagra- 
preventing factor but does not cure pellagra or its analogue “black 
tongue” in dogs. Its absence leads to dermatitis, loss of hair, and 
swelling of tlie ears and paws which are not cured liy nicotinic; 
acid (H. Chick) 

Probably there are still other factors not yet identified, especially 
necessary for birds. 

The Water-Soluhle Antiscorbutic Vitamin C. — This vitamin 
is contained in fresh fruit and vegetables and in green leaves and 
germinating seeds ; in the days of sailing ships the absence of such 
substances led to scurvy, tlie curse of tlie Navy and Mercantile 
Marine, and of expeditions. The vitamin is easily oxidised, esiiecially 
in alkaline solution and if cooking is prolonged, as in stev'^s; lienee 
it is less liable to be destroyed in cooking when acid. Curiously 
enough. West Indian limes arc deficient in this vitamin and tlie 
substitution of liine-jiiico for other fruits led to many outbreaks of 
scurvy. Oranges and lemons are good sources and especially black 
c-mrants jind horse-radish. 

Scurvy is characterised by great weakness, tendency to fraidures 
and Imnnorrhage, especially from the gums, because of fragility of 
the capillaries, with loosening of the teeth; it is accentuated by 
hard physical work. In recent times it was studied at the siege 
of Kut. A similar condition, infantile scurvy, may occur in infants 
fed on proprietary foods. 

Tiio vitamin is now hnown to he ascorbic acid (C^^HgOg.).* The 
strongly reducing jxiwers of antiscorbutic extracts of h;mon juice 
(Zilva) led to its Ixang id(;ntilicd with otlnw strongly reducing sub- 
stances ill many plants and in the cortex of the adrenals (Tillmans 
aaid Hirsch). It oven reduces F(;hling’s solution in the cold. 

Ascorbic acid is excreted in tlie urine to the extent of 20 to 30 mg. 
daily and it may bo titrated by its power of reducing 2-G-dicliloru- 
]>lienol iodo[)henol at The lime taken to decolorise the sub- 

stance will'll inject ( mI uinh'r the skin is also used as a test. It is 
considered that the amount excrcTed should he supplied daily (Harris). 

Vitamin P is a suhstaaice in lemon juice which is stated to be 
more (dfective than ascorbic acid iu treating certain cases of increased 
ca])i llary pormeahi lity. 

Vitamin E. — The tliird fat-soluble vitamin is made by plants, 

* The international unit is the activity of 0’05 c.c. 1-ascorbic acid. 
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and the best-known source of it is an oil extracted from sprouting 
wheat germs, but it is present in many vegetable oils, e.g. olive oil. 
There is a little in animal fats. Its absence results in sterility in 
rats otherwise fertile. This is due in the female to failure of the 
f(etus to grow normally, although the mother appears to be normal. 
In the male there is degeneration of the testis. An interesting 
observation is that of Verzar who has found that the intraperitoneal 
injection of the vitamin has a similar effect in rats to the injection of 
an extract of the anterior lobe of the pituitary body, and it is suggested 
that the vitamin is necessary for normal pituitary function. This 
vitamin lias been found valuable in the treatnumt of haliitual 
abortion. The pure vitamin has b(?en shown to be three oily 
colourless alcohols, one, a-tocoplierol, liaving the formula 

The Estimation of Vitamins. — In order to determine the 
amount of vitamin in a given foodstuff it is necessary to find out 
the minimum amount of the foodstuff wliich will just ])revent a 
particular deficiency disease in an animal placed on a diet siiflicient 
in every other way. For example, to study vitamin A, rats are fed 
on caseinogen to supply protein, starch, salt mixtures, and substances 
containing all the vitamins except A. 

The whole subject of vitamins is of national importance, and 
it is evident that many classes of the community do not obtain 
the infinitesimally small amounts necessary to maintain good health ; 
although they may avoid gross disease, many indefinite indispositions 
may bo related to the absence or deficiency of these substances. 

Vitamins and Human Diets. — The following statement is 
taken from a recent Medical Research Council Report : — “ So far 
as Western civilisation is concerned it is no doubt true that the 
rareness of the occurrence of frank deficiency diseases such as 
scurvy, xerophthalmia, and beri-beri indicates that an absolute 
deficiency of vitamins scarcely ever exists in the individual diet. 
Such deficiency diseases occasionally occur in individuals living for 
a long time on restricted diets — cases of gastric ulcer, food cranks, 
and children fed on jiroprietary foods. 

“On the other hand, it is now becoming generally recognised that 
much subnormal health and development, and even incidence of 
disease, are associated with a partial deficiency of one or more of 
these accessory substances. The intliienco of such partial deficiencies 
even when relatively slight may be extremely serious when they 
occur in early life and, if we may judge from the results of experi- 
ments on animals, an adequate supply of these indispensable dietary 
components later in life may fail to make good the damage caused 
by a deficiency in youth.” The Report gives numerous examples of 
the occurrence of such deficiency disease, latent or actual, when for 
one reason or another patients have been placed on special diets. 
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One rciiiarl<{il)lo (lov(3l()])incnt of the experimental study of the 
lack of vitamins on animals has b(‘en the large number of degenerative 
eliaiigcH, ospo(ually in the (^ential nervous system, which have been 
discov(u’ed. There is good reason to h(H)e that this may eventually 
throw light on the many very obs(3uro and commonly fatal nervous 
diseases which are found in man. 

We have already referred to the successful treatment of dental 
caries by means of vitamin I). This (un])hasises the point that 
a[)parently circumstances can occur, possibly intestin.il, whhdi cause 
a diet which is sutheient for one person to be inadequate for another 
even in tlie same family. 


Vitamin Content of Common Poods in International Units per 
100 gms. 1 lb. (Tliorpe after l>oas, Fixen and Eoscoe and Coward). 


Daily 

A 

6,7r>0 junts. 

T) 

750 units. 

C 

20-30 ni.f' 

Milk (fresh) 

140-700 

0-3-3 -8 

23 

6-58 

Butter 

s.'io-rrioo 

8-5-400 



Cheese 

5500 




Kgg, white 





„ yolk . 

1000-8800 

1 50 

100 


Cod-liver oil 

<10,000- 

400,000 

2000-30,000 



Halibut liver oil . 

1920,000- 

80,000,000 

20,000-400,000 



Tunny fish liver oil . 

512,000- 

8,000,000 

85,000- 

25,000,000 



Meat .... 

50 


30-100 


Liver (Ox). 

12,000-11,800 

40-50 

150 (cooked) 

480-1.360 

liread (white) , 



1 2-30 


,, (brown) . 



50-80 


,, (wholemeal) . 



75-130 


Nuts, pea . 


... 

100-320 


,, hazel 



200 

300 

,, almond 



80 

0-286 

,, walnut 




600 

Peas (fresh) . . | 

7ot 



96-800 

Jh'ans, broad 




448-680 

,, French . 

3G7-G68 



36-300 

Potato . . . j 

25 


30-60 

220-720 

Lettuce 

2500-4000 


90 

10-440 

Turnip . . . ' 




340-868 

Carrot 

1900* 


GO 

20-620 

Cabbage 

900 


25-80 

400-2480 

Spinach 

1300 


20-70 

120-2480 

Apple ... 

40 


40 

2-400 

Orange juiec 

300 



440-1780 

Banana 



30-60 

20-300 

Tomato 

3000* 


40 

258-780 


* The carotene content of carrots and tomatoes is very high. 
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Official DJietaries. 

TIioho who are iosponsi})lo/for the health of the nation have 
experienced very great diHicnlty in educating those wJiose finances 
are lindtod in the choi(ie of an efficient diet, for (unstom dies hard' 
and it is difhcult to obtain realisation of the fact that cost, 
palatability, and effici(uic.y are by no means parallel. The following 
tables, published by the British Medical Assodation, will act as 
a guide to those living on the ordinary mixed diet of temperate 
climates. They <arc designed to supply all the rciquirements set 
out in the above chapter. The prices for im^at are those for 
imported foreign pi’odiicts. The cost does not, of course, include 
that of cooking. 


Individual Diets. . 

])iet J\ o, 1 . — Bai'e ration. No variety. Man-valuey 1 . 


Item 

quantity 

Ciu-o. 

I’rutiMi) 
(grains ) 

Fat 

(giaiiis ). 

( -aibo- 
hyiiiato 
(grams ) 

Caloiics 

Corned beef 

1 lb. 

S. 1) 

0 6 

119-2 

84-8 


1,278 

Cheese 

2 lb. 

1 1 

233-2 

317-6 

28-2 

4,022 

Margarine . 

Mb. 

0 3 

0-7 

288*5 


2,684 

Flour, or 

7 lb. 


320-6 

51-1 

2397-5 

11,620 

Hread . 

11] lb. 

1 74 

(367-9) 

(10-1) 

(2454-8) 

(11,666) 

Sugar . 

1 1 lb. 

0 4 

793-8 

3,255 

Potatoes 

3', lb. 

0 2'. 

30-1 

6*4 

287-4 

1,306 

Tea 

Fresh fruit and 

ilb. 

0 3 





green vegetables 


0 7 




100 

Total weekly 

— . 




-- — -- 


quantities 


4 lOf 

703-8 

742 4 

3506-9 

24,265 

Daily quantities 







per man . 



100-5 

106-1 

501-0 

3,466 


Total first-class protein, 352-4 j^rains. 
Daily first-class protein, 50 '3 ,, 

Cost per man per week, 58*25 pence. 


Notes . — Diet No. 1. 

Diet No. 1 gives quantities of protein, fat and carbohydrate, and of total 
calories adequate to support working capacity. This diet, although adequate in 
its principal constituents, may be deficient in vitamins and minerals, but the 
principal defect lies in the small number of its constituent foodstuffs. Though 
perhaps palatable for a period of one week, it would with longer use rapidly become 
monotonous and nauseous. In order to avoid the repugnance which would inevit- 
ably follow the prolonged ingestion of such a diet, and to assure adequacy of 
vitamins and minerals, it is necessary to increase the number of foodstuffs so as 
to obtain greater variety. 
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Diet No. 2. — Sitggested adult ration, based on 50 (irams. First-class 
Protein. Giving 1/4 milk, ^fan-value, 1. 


Item. 

Qmiiitity 

I’l 

IC<‘. 

Prutoui 
(giarns ) 

F;it 

(Kilims ) 

C;ub( »- 
lijdi .itn 
(giams ) 

It'S. 


' — 

~.s“ 

a 

— 



— 

Beef . 

1 Jb. 

b 

6 

85-3 

83*5 


1,126 

Minced meat 

Ub. 

0 

2'. 

42-7 

41*8 


563 

Bacon . 

-lb. 

0 

3 

23-3 

122*9 


1,239 

Corned beef 

- lb. 

0 

3 

59-6 

42*4 


639 

Liver (Ox) . 

iib. 

0 

1/ 

22-6 

3*6 

5*0 

147 

Kggs . 

2 oz. 

0 

1 

6*3 

5*7 

0*8 

82 

Cheese 

h\b. 

0 

3} 

58-3 

79*1 

7*0 

1,005 

Milk . 

1 { pts. 

0 

5 

32-7 

35*7 

47*6 

661 

Fish (Cod) , 

Ub. 

0 

11 

16 6 

0*1 


69 

Butter 

tlb. 

0 

2'. 

0 2 

91*1 


876 

Suet . 

1 OZ. 

0 

Oi 

0-3 

26*4 


247 

Lard . 

fib. 

0 

1', 


113*4 


1,055 

Flour or 

4 lb. 



206T 

32*8 

1541 2 

7,470 

Bread . 

7} lb. 

1 

O', 

(237*0) 

(6 5) 

(1.581*9) 

(7,518) 

vSugar . 

1 lb. 

0 

21 


453 *6 

1,860 

Jam 

lb. 

0 

31 

1*1 


236*1 

972 

Potatoes 

5 lb. 

0 

3; 

43*0 

'o*r) 

410*5 

1,865 

Peas (dried) 

1 lb. 

0 

1 

23*1 

0*7 

64*7 

367 

Tea 

1 lb. 

0 

3 





Oatmeal 

lb. 

0 

11 

27*0 

19*5 

158*7 

943 

Iliee . 

Syrup (treacle) . 

} lb. ! 

0 


6*7 

OM 

91*1 

405 

h lb. 

0 

2 

0-7 


173*3 

714 

Cabbage 

r lb. 

0 

1 

3*2 

0*2 

17*7 

88 

Beans (butter) 

-1 lb. 

0 

0/ 

21*1 

0*8 

70 5 

383 

Barley 

Fresh fruit and 

lb. 

0 

1 

15*8 

1 *8 

181*2 

825 

green vegetables 


0 

7 




100 

Total weekly 








quantities 


5 

10.( 

695*7 

765*8 

3439*0 

23,701 

Daily quantities 








per man . 




99 4 

100*8 

491*1 

3,386 


Total first-class protein, 347 ‘6 grains. 
Daily first-class protein. 49‘7 ,, 

Cost per man per week, 70*5 pence. 


It should be pointed out that the prices given arc those for foreign imported 
produce, which is not generally available in all parts, but at the same time it must 
be remembered that many of the more expensive portions of an animal are not any 
more nutritious than the cheaper cuts. 
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FOOD 

The (jliief clKiinical compounds or ].}ro:diiuUG in food 

are ; — 


1. Proteins . 

2. Carbohydrates 

3. Fats 

4. Water 

5. Salts 

In milk and in eggs, which form tlie exclusive foods of young 
animals, all varieties of tln^se proximate principles are i)resent in 
suitable proportions. Hence they are st)oken of as perfecd foods. 
Eggs, though a perfect food for the developing bird, contain too little 
carbohydrate for a inammal. In most vogetabh^ foods carl)ohydratcs 
are in excess; while in anijjial foods, such as meat, tJie proteins are 
predominant. 

.Milk. 

Milk, which we have already spoken of as a perfect food, is only 
so for young children. For those wlio are older, it is so voluminous 

tliat unpleasantly large quantities of it 
would have to be taken in the course 
of the day to ensure the proper supply 
of nitrogen and carbon. Moreover, it 
is relatively too rich in protein and fat. 
It also contains too little iron (Eunge) : 
so that children weaned late become 
aiiiemic. 

The microscope reveals that milk 
consists of two parts : a clear fluid and 
a number of minute particles that float 
in it. These consist of minute oil 
globules, varying in diameter from 
0*0015 to 0*005 millimetre (fig. 169). 
The milk secreted during the first 
few days of lactation is called colostrum. This is considered to be of 
value in relation to infection. It contains very little caseinogen, but 
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large quantities of albumin and globulin instead. Microscopically, 
cells from the acini of the mammary gland are seen, which contain 
fat globules in their interior, they are ealled colostrum corpuscles 

Reaction and Specific Gravity.- — Phe reaction of fresh cow’s 
milk and of human milk is amj)hoteric. This is duo to the presence 
of both a(iid and alkaline salts. All milk readily turns acid or sour 
as the result of fermentative change, ])art of its lactose being trans- 
formed into lactic aci<l The specitie gravity of milk is usually 
ascertained with the hydrometer. That of normal (iow’s milk varies 
from 1028 to 1034. When the milk is skimiiKid the specific gravity 
rises, owing to the removal of the light constituent, the fat, to 1033 
to 1037. fn all easels the specific gravity of water is taken as 1000. 

Composition. — 34ie following table (Ihingc) contrasts the milk 
of woman and the cow ; but it must be understood that these are 



Woman ' 

Cow 


I’cr cent 

Per ot'Jit. 

Proteins (easeiiiogcn and albumin) 

1*7 

3*5 

Butter (fat) . 

S-4 

3 7 

Lactose ..... 

6 -‘2 1 

4 '9 

Salts 

0 2 

0-7 


average figures and a, re not strictly applicable to any particular 
individual. Thus, for oxam])le, the hrisian cow produces a more 
plentiful but more dilute milk tlian an Ayrshire cow — and human 
milk varies from tinn; to tiine in the same individual. Mence, in 
feeding infants on cow’s milk, it is necessary to dilute it, and add 
sugar and a little cream to make it ap}>roximately equal to natural 
hujuan milk. 

The Proteins of IVLilk. — The princdpal protein in milk is called 
casern 0 (j on ; it in 2 ^rGc/i 2 ntahle by acids such as acetic acid, and also by 
saturation with magnesium sulphate, or half saturation with ammonium 
sulphate, so resembling globulins; it is coagulated by rennet to 
form casein. Cliecse consists of casein with the entangled fat. 
The other protein in milk is lact-allmmin. It is present in small 
quantities only ; it diifers in some of its properties (specific rotation, 
coagulation temperature, etc.) from serum-albumin. Human milk 
contains more than cow’s. 

The Coagulation of Milk. — Eennet (rennin) is the agent usually 
employed for this purpose : it is an enzyme secreted by the stomach, 
especially in sucking animals, and is generally obtained from the 
calf. 

The curd consists of the casein and entangled fat: the liquid 
residue called whey contains the sugar, salts, and albumin of the milk. 
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It is (lou])tful if is a c.heiiiical process. It may ])o mainly 

a physical (colloidal) cliani'c. 

The addition of renmd. prodiuics (coagulation in milk, provided 
that a sndicnmt ajnonnt (jf calcanm salts is ])reseiit. If the cahdum 
salts are preci})itated hy the additioji of potassiinn oxalate, nninet 
causes no formation of casein. The procicss of curdling in ]nilk is a 
double (uie; the lirst action due to rennet is the ]nodn(;tion of a 
change in casehiogen ; the second action is that of the (calcium salt, 
which preci])itates the altered caseinogen as (casein, in blood, also, 
calcium salts, as we have sccen, are necessary for coagulation. 

(Jaseinogen is a phospho-protein (s(ce p. ^->10). In milk it 
is combhicd with (calcium to fonn caheium caseinogejiate ; when 
a(cetic acid is added, we therefore get calcium acetate and free 
caseinogen. 

The Pats of Milk — The chemical composition of the fat of milk 
(butter) is very like tliat of adipose tissue. There are, however, 
small quantities of fats (hcrived from fatty acids lower in the 
series, especially butyrin and caproin. Each fat globule appears to 
lie surrounded liy a lilm of protein (Eamsdeii). Milk also contains 
small quantities of lipides (lecithin, cholesterol, and a yellow fatty 
pigment or lipochrome). 

Lactose, or Milk Sugar. — This is a disaccharide Ifs 

properties have already been (hcscribed in relation to milk. 

Souring of Milk. — ^When milk is allowed to stand, the chief 
change wliich it is apt to undergo is a conversion of a part of its 
lactose into lactic acid. This is due to the action of micro-organisms, 
and would not occur if the nulk were contained in closed sterilised 
vessels. This observation is of great historical interest as Lord 
Lister used it as his example of bacterial action in his lirst lecture 
in London at King’s College. When souring occurs, the acid formed 
precipitates a })ortion of the caseinogen. This must not be confounded 
with the formation of casein from caseinogen, which is produced by 
I’cnnet. There are, however, some bacteria which, like rennet, produce 
true coagulation. 

The Salts of Milk. — The principal salt present is calcium 
phosphate ; a small quantity of magnesium phosphate is also present. 
The other salts are (ihielly chlorides of sodium and potassium. 

It appears that milk is deficient in iron. The young animal 
obtains its iron from the placenta of the mother, and it has beeri 
suggested that femules store iron in the liver for this purpose. This 
iron deficiency rend(u\s milk an incomplete food during adolescence 
although suitable for the very young. 

It is an undoubted fact that the milk provided by Nature for 
the growing offspring is different in the various orders of the 
mammalia. The quantitative variations are often enormous, and it 
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has been sliown that the milk l)est adapted for the nutrition of the 
young animal is that which comes from its mother, or, at least, from 
an animal of the same species. The })ractical application of this 
rule comes home to us when we deal with the feeding of children, 
and it is universally acknowledged that, after all, cow’s milk is but 
a poor substitute for human milk. Cow’s milk is, of course, diluted, 
and sugar and cream added, so as to make it quantitatively like 
mother’s milk, ])ut even then the question arises whether tlie 
essential difference between tlui two kinds of milk is not deeper than 
one of mere quantities; and, in particular, tlie pendulum of scientific 
opinion has swung backwards and forwards in relation to the 
question whether the principal prohun, called caseinogen in both, is 
really identical in the two cases. The caseinogen of human milk 
curdles in small flocculi in the stomach, so contrasting with the 
h()avy curd which cow’s milk forms ; and even although the curdling 
of cow’s milk he made to occur in smaller fragments by mixing thij 
milk with barley water or lime water, its digestion ]>roceeds with 
comparative slowness in the child’s alimentary canal. These are 
practical jioints well known to every clinical observer, and in the 
past tliey have been attributed, not so much to fundamental 
differences in the caseinogen itself, as to accidental concomitant 
factors; the excess of citric acid in human milk, for instance, and its 
paucity in calcium salts, have been held responsible for the 
dilferenccs observed in the physical condition of the curd and in its 
digestibility. The lact-albumin of cow’s milk is often responsible 
for eczema in children. 

This question is far from settled even to-day, but there are some 
data now available that point to a qualitative dilference hetweiai 
caseinogens. Some of these depend on the application of the 
“ biological t(ist ” carried out on the line of immunity exjieriments, 
which has b(;en so signally successful in the distinction between the 
blood-proteins of different species of animals (see p. 379). Moreover, 
some observers have stated that human caseinogen contains a 
carbohydrate complex which is absent from that of the cow, but the 
whole question needs reinvestigation. 

The Mammary Glands. 

The inariiinary glands are compo.scd of large divisions or lobes, and these are 
again divisible into lobules ; the lobules are conipo.sed of the convoluted and dilated 
subdivisions of the main duets held together by connective tissue. Covering tlie 
general surface of the gland, with the exception of the nipple, is a considerable 
(juaiitity of fat, itself lobulated by sheaths and processes of areolar tissue (fig. 170). 
The nuiin duets of the gland, fifteen to twenty in number, called the lac.tijeroas 
ducts, are formed by the union of the smaller (lobular) duets, and open by small 
separate orifices through the nipple. At the points of junction of lobular duets to 
form lactiferous duets, and just before these enter the base of the nipple, the duets 
are dilated ; and during the period of active secretion by the gland, the dilatations 



422 


FOOD 


[CH. XXV. 


form reservoirs for the milk, which collects in and distends them. The walls of 
the gland-ducts are formed of areolar with some unstriped muscular tissue, 
and are lined internally by short columnar and near the nipple by flattened 
epithelium. 

The nipple is composed of areolar tissue, and contains unstriped muscle-fibres. 
Blood-vessels are also freely supplied to it, so as to give it an erectile structure. On 



Flo. 170. — Dissection of tlie lower half of the female mamma, during the period of lactation, fj. — In the 
left-hand side of the dissected part the glandular lobes are exposed and partially unravelled ; and 
on the right-hand side, the glandular sub.stance lias been removed to show the reticular loculi of 
the connective tissue in wliich the glandular lobules are placed: 1, upper part of the mamilla or 
nipple; 2, areola; 3, subcutaneotis ni.asses of fat; 4, reticular loculi of the connective tissue which 
support the glandular sub-stance and contain tlio fatty masse.s ; 5, one of three lactiferous ducts 
sliown passing towards tlie nipple wliere they open ; 6, one of tlie sinus lactei or reservoirs ; 7, 
some of the glandular lohule.s whicli have been unravelled ; 7', others massed togetlior. (Luschka. ) 

its surface are very sensitive papillae ; and around it is a small area or areola of 
pink or dark-tinted skin, on which are to be seen small projections formed by 
minute secreting glands. 

Blood-vessels, nerves, and lymphatics are plentifully supplied to the mam- 
mary glands ; the calibre of the blood-vessels, as well as the size of the glands, 
vary greatly under certain conditions, especially those of pregnancy and lactation. 

The alveoli of the glands during the secreting periods are found to be lined 
with short columnar cells (see fig. 171). The edges of the cells towards the lumen 
may be irregular and jagged, and the remainder of the alveolus is filled up with 
the materials of the milk. During the intervals between the acts of discharge, 
the cells of the alveoli elongate towards the lumen, their nuclei divide, and in 
the part of the cells towards the lumen a collection of oil globules and of other 
materials takes place. 

The next stage is that the cells divide and the part of each towards the 
lumen containing a nucleus and the materials of the secretion, disintegrates and 
goes to form the constituents of the milk. In the earlier days of lactation, epithelial 
cells only partially transformed are discharged in the secretion ; these are termed 
colostrum corpuscles. 

During pregnancy the mammary glands undergo changes (evolution) which are 
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readily obserVable. They enlarge, become harder, and more distinctly lobulated ; 
the vcii^on the surface become more prominent. The areola becomes enlarged 
and dusKy, with projecting papillae ; the nipple, too, 
becomes more prominent, and milk can be squeezed 
from the orifices of the ducts. This is a very 
gradual process, which commences just after con- 
ception, and progresses steadily during the whole 
period of gestation. In the gland itself solid 
columns of cells bud off from the old alveoli to 
form new alveoli. But these solid columns after 
a while are converted into tubes by the central 
cells becoming fatty and being discharged as the 
colostrum corpuscles above mentioned. After the 
end of lactation, the mamma gradually returns to 
its original size (involution). The acini, in the 
early stages of involution, are lined with cells in 
all degrees of ^acuolation. As involution proceeds, 
the acini diminish considerably in size, and at 
length, instead of a mosaic of lining epithelial cells 
(twenty to thirty in each acinus), we have five or 
six nuclei (some with no surrounding protoplasm) 
lying in an irregular heap within the acinus. No 
secretory nerves of the mammary gland have yet been discovered. It is possible 
they do not exist, and that the normal stimulus to mammary activity is a chemical 
one brought about by the ovary. 



Fio, 171.— Section of mammary glamj 
of bitch, showing acini, lined with 
epithelial cells of a short columnar 
form. X 200. (V. D. Harris.) 


Eggs. 

The chief constituent of the shell is calcium carbonate. The 
white is composed of a richly protein fluid enclosed in a network of 
firmer and more fibrous material. 

The amount of solids is 13 ‘3 percent. ; of this, 12*2 is protein in nature (egg- 
albumin, with smaller quantities of egg-globulin, and of a mucinoid substance called 
ovo-mucoid), and the remainder is made up of sugar (0*5 per cent.), traces of fats, 
lecithin, and cholesterol, and 0’6 per cent, of inorganic salts. 

The yolk is rich in food materials for the development of the 
future embryo especially a phospho-protein called vitellin. 

The nutritive value of eggs is high, as they are so readily 
digestible; but the more an egg is cooked the more insoluble do 
its protein constituents become. They are an important source of 
vitamins. 


Meat. 

Meat is composed of the muscular and connective (including 
adipose) tissues of certain animals. The flesh of some animals is 
not eaten. This is largely a matter of fashion and of flavour. 

Meat is the most concentrated and most easily assimilable of 
nitrogenous foods. It is our chief source of nitrogen. Its chief solid 
constituent is protein, and the principal protein is myosin. In addition 
to the extractives and salts contained in muscle, there is always a 
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certain percontai^e of fat, even though all visible adipose tissue is 
dissected off. The fat-cells are placed between the miisclo-fihres, 
and the amount of fat so situated varies in different animals ; it is 
partiimlarly abundant in pork; lienee tlie indigestihility of this form 
of hesh : the fat jirevents the gastric juice from obtaining n^ady access 
to the muscle-fibres. TIkj hanging of meat leads to the formation 
of lac.tie acid and acid p]ios])liates from organii^ ])]ios])liates and 
th(^s(^ facilitate! the change formation of gelatin from collagen during 
cooking. 

Dil'terent meads vary vm-y little in c-om])osition. All contain 
70 to 80 pm- cent of watm\ about 20 pm- (-mit. ])rotein and ‘0 to 1 ])er 
cmit. carlioliydrate. The flesli of young animals contains nnjre gelatin 
than that of old. flavour of moat is due to extraidives vvlih-li 

have an unknown chemiea.1 (Composition. (Jooking in any way causes 
a loss of about | of the water. 

The large percentage of water in meat should be particularly 
noted ; if a man wished to take his daily su})])ly of 100 grammes of 
])rotcin entirely in the form of meat, it would be neicessary for him 
to consume aliout 500 grammes (ie. a little more than 1 lb.) of 
meat. 


Flour. 

White wheat flour is made from the interior of wheat grains, 
and contains the greater proi)ortion of the starch of the grain and 
most of the protein. Whole flour is made from the whole grain 
minus the husk, and thus (contains not only the white inferior but 
also the harder and browner outer portion of the grain and the 
genn or embryo plant, ddiis ri'gion contains a s(3mew]iat larger ])ro- 
portion of protein. Whole flour cojitaiiis 1 to 2 ])er emit, more 
jirotein than the best white flour, hut it has the (iisadvantage of 
being less readily digicsted. Brown flour contains a certain amount 
of bran in addition; it is still less digestible, but is useful as a 
mild laxative, the insoluble cellulose mechanically stimulating the 
intestinal canal as it passes along. 

The best flour contains very little sugar, ddie presenci^ of sugar 
indicates that germination has commenced in Ike grainj^. In the 
manufacture of malt from barley this is ])ur])osel 3 ^illowed to 
go on. 

When mixed with water, wlmat flour forms a sticky, adhesive mass 
called dough. This is due to the formation of gluten. (Iluten is a 
mixture of two jirotthns— namely, gliadin, which is soluble in alcohol, 
and glutmiin, which is soluble in alkali. The adhesive character 
of gluten is due to gliadiii ; grains which are poor in gliadin {e (j. rice) 
cannot bo used for bread-making. 
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The following table contrasts the composition of some of the 
more im})ortant vegetable foods: — 


Conatituentg. 

Whoat 

Barley 

j Oata 

Rice. 

1 Lentils. 

Peas. 

Potatoes. 

Water 

13-6 

13*8 

i 12 '4 

13-1 

12-5 

14-8 

76-0 

Protein 

12-4 

11*1 

' 10-4 

7*9 

24-8 

23-7 

2-0 

Fat . 

1-4 1 

2-2 

5-2 

0-9 

1-9 

1-6 1 

0-2 

Starch 

67-9 

64*9 

57-8 

7(5 '5 

' 54-8 

49-3 

20-6 

Cellulose 

2-5 

5-3 

11-2 

0-6 

3-6 

1 7-5 

0-7 

Mineral salts 

1-8 

2-7 

j 3-0 

' 1-0 

! 2-4 

1 3-1 

1-0 


We see from this table — 

1. The great quantity of starch always present. 

2. The small quantity of fat; that bread is generally eaten with 
butter is a popular recognition of this fact. 

3. Ihotein, except in potatoes, is ])retty abundant, and especially 
so in the pulses (lentils, peas, etc.). The protein in the pulses is not 
gluten, but consists mainly of globulins. 

In tlie mineral matters in vegetables, salts of potassium and 
magnesium are, as a rule, more abundant than those of sodium and 
calcium. 


Bread. 

Bread is made by cooking the dough of wheat Hour mixed with 
yeast, salt, and flavouring material^ An enzyme in the Hour acts at 
the commencement of the process, when the temperature is kept a 
little over that of the body<^nd forms dextrin and sugar from the 
starclp^nd then the alcoholic fermentation, due to the action of the 
yeast, begins. The bubbles of carbonic acid, burrowing passages 
tlirough the bread, make it light and spongy. This enables the 
digestive juices subsequently to soak into it readily and affect all 
parts of it. In the later stages, viz., baking, the temperature is raised, 
the gas and alcohol are expelled from the bread, the yeast is killed, 
and a crust forms from the drying of the outer portions of the dough. 

White bread contains, in 100 parts, 8 to 10 of protein, 55 of 
carbohydrates, 1 of fat, 2 of salts, and the rest water. 

Cooking of Food. 

The cooking of foods is a development of civilisation, and serves 
many useful ends : — 

1. It destroys parasites and danger of infection. This relates 
not only to bacterial growths, but also to larger parasites, such as 
tapeworms and trichinae. 

O 2 
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2. In vegetable foods it breaks up the starch grains, bursting the 
cellulose and so allowing the digestive juices to come into contact 
with the granulose. 

3. In animal foods it coji verts the insoluble collagen of the 
universally distributed connective tissues into the soluble gelatin. 
The loosening of the fibres is assisted by the formation of steam 
between them. By thus loosening the binding material, the more 
important elements of the food, such as muscle-fibres, are rendered 
ticcessible to the gastric and other juices. Meat before it is cooked is 
generally kept a certain length of time to allow rigor mortis to pass olf. 

Of the two chief methods of cooking, roasting and boiling, the 
former is the more economical, as by its means the meat is first 
surrounded with a coat of coagulated protein on its exterior, which 
keeps in the juices to a great extent, letting little else escape but the 
dripping (fat).* Whereas in boiling, unless both bouillon and bouilli 
are used, there is considerable waste. Cooking, especially boiling, 
renders the proteins more insoluble than they are in the raw state ; but 
this is counterbalanced by the advantages which cooking possesses. 

In making heef tea and similar extracts of meat it is necessary 
that the meat should be placed in cold water, and this is gradually 
and carefully warmed. In boiling a joint it is usual to put the meat 
into boiling water at once, so that the outer part is coagulated, and 
the loss of material minimised. 

An extremely important point in this connection is that beef 
tea and similar meat extracts should not be regarded as foods. 
They are valuable as pleasant stimulating drinks for invalids, but 
they contain very little of the nutritive material of the meat, their 
chief constituents, next to water, being the salts and extractives 
of flesh. 

Soup contains the extractives of meat, a very small proportion of 
the myosin, and the principal part of the gelatin. The gelatin is 
usually increased by adding bones and fibrous tissue to the stock. It 
is the presence of this substance which causes soup when cold to 
gelatinise. 

Adjuncts to Pood. 

Among these must be placed : alcohol, the value of ^lich within 
moderate limits is not as a food but as a stimulant; condiments 
(mustard, pepper, ginger, curry powder, etc.), which are stomachic 
stimulants, the abuse of which is followed by dyspeptic troubles; 
and tea, coffee, cocoa, and similar drinks; these are stimulants 
chiefly to the nervous system. Tea, coffee, mat6 (Paraguay), guarana 
(Brazil), cola nut (Central Africa), bush tea (South Africa), and 
a few other plants used in various countries all owe their chief 
* This statement has recently been called into doubt. 
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property to an alkaloid called theine or caffeine (CgHi^N’ 40 . 2 ) ; cocoa to 
the closely related alkaloid, theohromine (OyTTgN^O.^) ; coca to cocaine. 
These alkaloids are all poisonous, and used in excess, even in the form 
of infusions of tea and coffee, produce over-excitement, loss of diges- 
tive power, and other disorders well known to physicians. Colfee 
differs from tea in being rich in aromatic matters; tea contains a 
bitter principle, tannin ; to avoid the injurious solution of too much 
tannin, tea should be allowed to infuse (draw) for a few minutes only. 
Cocoa is not only a stimulant, but a food in addition ; it contains 
about 50 per cent, of fat, and 12 per cent, of protein. In manufac- 
tured cocoa, the amount of fat is reduced to 30 per cent., and the 
amount of protein rises proportionately to about 20 per cent. The 
quantity of cocoa usually consumed is too small for these food 
materials to count very much in the daily sup})ly. The amount of 
protein in solution (mainly proteose) in a breakfast cup of cocoa is 
under half a gramme ; most of the foodstuffs arc in suspension, for 
cocoa is drunk thick,” not as a clear infusion. 

Green vegetables are taken as a palatable and valuable adjunct to 
other foods, rather than for their nutritive properties (see Vitamins). 
Their potassium salts are, however, abundant. Cabbage, turnips, and 
asparagus contain 80 to 92 water, 1 to 2 protein, 2 to 4 carbohydrates, 
and 1 to 1-5 cellulose per cent. The small amount of nutriment in 
most green foods accounts for the large meals made by, and the vast 
capacity of the alimentary canal of, herbivorous animals. 

Fruits, hke vegetables, contain chiefly water. They contain also 
organic acids, e.g. citric and their salts, which become oxidised to 
carbonates in the body. Fruits therefore, with the exception of 
prunes and cranberries, promote an alkalinity of the body like a 
vegetable diet generally. Fruits and vegetables are also important 
sources of vitainins, and in virtue of their cellulose add appreciably 
to the bulk of the intestinal contents and so promote intestinal 
movements. 
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CHAPTEK XXV^ 

THE ALIMENTAKY CANA^ 

Haying considered the chemical nature of the body, we must now 
deal with the processes by which tlie various food substances as 
they exist in nature are prepared for utilisation by the body for 
purposes of fuel, growth, and repair. Many of the most important 
substances, e.g. fat, starch, protein, are insoluble or cannot penetrate 
animal membranes, and would not, tlierefore, pass from tlie digestive 
tract into the blood or lymph. Their molecules have to bo broken 
down into more simple and diffusible molecules before al)Sorption 
can occur. Sometimes a certain amount of preliminary mechanical 
disintegration is also necessary, c.g. the trituration of seeds in the 
gizzard of the bird. To the whole process of breaking down of the 
foodstuffs the term ‘‘ digestion ” is applied. 

The chief chemical requirements of the body, as we have seen, are 
proteins, fats, carbohydrates, salts, and water, and with these the 
alimentary canal is specially adapted to deal. Moreover, the food 
must have a certain minimum bulk, and contain vitamins. 

For purposes of digestion, the food is received into the alimentary 
canal which may vary in complexity from a simple tube in the 
lower animals to that found in mammals. For practical purposes 
the contents of the canal are physiologically outside the animal, 
i.e,, outside the tissues of the animal. In man the alimentary canal 
consists of a long muscular tube lined by mucous membrane 
beginning at the mouth, and terminating at the anus. It com- 
prises the mouth, pharynx, oesophagus or gullet, stomach, small 
intestine, and largo intestine. Opening into it are numerous 
glands which pour juices into it; these bring about the digestion 
of the food as it passes along. Some of the glands, such as 
the gastric and intestinal glands, are situated in the mucous 
membrane wliich lines the canal ; others, such as the salivary 
glands, liver, and pancreas, are situated at a distance from tlie 
main canal, and pour their secretion into it by means of side 
tubes or ducts. 

The two important coats in the wall of the canal are : — 

(1) JPM Musiyular^ Qoat . — This consists of two layers : in the outer, 
the fibres ^re' arranged'' longitudinally, and in the inner, circularly. 
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Tn the stomach there is a third c 
oblique direction. At the cardiac 
wliere tlie oesophagus enters) and ai 



oat, in which the fibres have an 
orifice of the stomach (that is, 
i its pjloric orifice (that is, where 
the small intestine begins) the 
circular fibres are increased in 
amount to form a sphincter. The 
muscle - fibres are of the plain 
variety, except in the pharynx 
and upper part of the oesophagus 
where they are striated. A 
uerve plexus (plexus of Auerbach, 
p. 502) is situated between the 
two muscular coats. 

(2) 21ie Mucous Membrane . — 
This consists of an epithelium on 
its surface; this is stratified in 
mouth, pliarynx, oesophagus, and 
lower part of the anal canal, but 
columnar in other parts. Beneath 
the epithelium is a corium of 
connective tissue, in which there 
is lymphoid tissue ; in tlie intes- 
tine the lymphoid nodules are 
often spoken of as solitary 
follicles, except in the lower part 
of the small intestine (the ileum), 
where they are congregated to- 
.-c^ gether as Beyer’s patches. At 
^ \ the back of the mouth, the tonsils 
are masses of lymphoid nodules 
covered with mucous membrane. 

, In the deepest part of the mucous 
* membrane is a thin layer of 
. involuntary muscle called the 
muscnlaris mucosae. 


Fi(i 172 — AHmentaiy Canal. Pt, paiotid gland; 
T, tonguo; O, oesui)liagiiR , S, Htoniach ; GU, 
gall-bladiier ; Pn, pancreas; SI, .small intes- 
tino; AC, ascondnig colon; TC, transveise 
colon ; DC, descending colon ; TC, pelvic 
colon ; II, rectum ; C, c.ccuni ; A, ai»i>endix 


These two main coats (miis-' 
cular and mucous) are connected 
together by a loose layer of 
connective tissue known as the 


submucous coat. In this the larger 


blood-vessels are situated which give off branches to tlie other two 
coats but more abundantly to the mucous membrane. The sub- 
mucous coat also contains a nerve plexus called the plexus of 
Meissner. In the stomach and intestines there is a fourth coat, on 
the exterior, derived from the peritoneum {serous coat). 
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The secreting glands in the wall of the alimentary canal are : — 

(1) A number of simple little mucous glands in the corium of the 
mucous membrane of the mouth, pharynx, and oesophagus; their 
ducts open on the surface (see fig. 173). 

(2) The gastric glands ; these are tubular glands which differ in 
structure in different regions of the stomach, and which we shall 
consider at greater length in our description of gastric digestion. 



FiQ. 173.— Sfiction of the mucous membrane ah<l submucous coat of the oesophagus, 
showing mucous glands. 


(3) The glands of the small intestine. Throughout the whole 
of the small intestine there are a large number of simple tubular 
glands (lined with columnar cells) w^jich open between the villi. 
They are called the crypts of Lieberkiihn. In the first part of the 
small intestine, known as the duodenum, an additional set of glands, 
called the glands of Brunner, is found. They are embedded in the 
submucous coat, and the duct of each gland passes inwards to 
open on the surface of the mucous membrane. Each gland is a 
branched and convoluted tube lined with columnar epithelium. 
Fig. 174 shows these two kinds of glands, and also the villi of the 
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surface. Figs. 175 and 176 are more highly magnified views of 
the villi, which increase the surface of the small intestine mainly 
for the purpose of absorption. A villus is a small projection made 
of loose lymphoid tissue, covered with columnar cells; it contains 
in its interior a plexus of blood-capillaries under the basemen t- 



. 175.— Vertical section of a viiliia of 
*th« Humll intestiJio of ft cat. a, 
Striated border of tbe epithelium ; h. 
columnar epitbelium ; c, goblet cells , 
d, cfmtrftl lymph'Vessel ; e, smooth 
mu-scle-libres ; /, adenoid stroma of 
the villus in wliich lymph corpuscles 
lie. (Klein.) 


. 174.— Vertical section of duode- 
num, showing ft, villi; ?5, crypts 
of Liclxirkulm, and c, Urwnner 8 
glands in the .subinucosa s, with 
ducts. <{ ; muscnhiris nmeoam, w ; 
and circular muscular coat, /. 
fSclioliold.) 


membrane, and one or more commencing lymphatic vessels or 
lacteals situated centrally. 

(4) Glands^of the large intestine. Here there are no villi, but 
the crypts aT^^ present and are larger than in the small intestine. 
Many of the cells lining these tubes are seen breaking down to 
form goblet cells, and the mucus so furnished is of great importance. 
The salts of the metals are also excreted. 

All of the foregoing glands are situated in the wall of the alimentary 
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canal. Tliose situated at a distiince from it, and which pour their 
secretion into it by ducts, arc the salivary glands, liver, and pancreas, 
and will l)e described in the chapters dealing with those organs. 

Before studying the action of the digestive secretions on foods, 
we may consider some general questions relating to secreting organs. 

1 1 is the function of gland-cells to produce by the metabolism of 



B 

Fio. 17(5.— A, Villvs ofshee}^. 13, Vilh of man. (Slightly altered from Teichinanu ) 

their protoplasm certain substances called secretions for the purpose 
of serving some useful oil ice in the economy, and those which are 
discharged from the body as useless or injurious. 

Gland-cells also get rid of excretions. These materials are not 
formed by the gland itself but are preformed in the blood. They 
are simply discharged from the body as injurious or waste. 
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CHAPTEE XXVI r 


SECIIETION 

As we have pointed out there is poured into tlie lumen of the 
alimentary canal a variety of juices called secretions. Wc sliall now 
consider the nature of the scciretory process in general; the details 
have been worked out in tlie salivary glands since these are 
conveniently situated for investigation. 

A secreting apparatus consists essentially of a layer of secreting 
cells surrounding a central cavity into whicli the secretion is poured. 
The cells, which contain gj'anules representing tlie precursors of the 
substances secreted, lie on a basement-membrane in close relation to 
the blood-vessels which nourish the gland and which ]n-ovidc it with 
the raw materials of its secretion. That the granules in the cells are 
not the. actual substance secreted but a precui'sor has been shown by 
chemical means in the case of the glands of the stomach, and by the 
reaction to histological reagents in the case of mucus-secreting glands. 
If the substance secreted is an enzyme the precursor is termed a 
zymogen. Intervening between the blood and the gland -cells is 
the lymph. 

Eig. 177 scmi-diagrammatically shows some of the more important 
anatomical distinctions in the form of secreting glands, tubular, 
racemose, and so forth. 

The process of secretion consists of a number of events which 
may be divided into two categories : 

1. 'Idle transference of water and certain substances dissolved 

in the water from the blood of the surrounding capillaries 
to the lumen of the acinus. 

2. The modification of the chemical composition of this solu- 

tion either by the addition to it of substances manu- 
factured by the gland-cells, (ind by the prevention of 
substances in the lymph from traversing the gland-cell 
and reaidiing the lumen. 

The Nature of the Process of Secretion. 

Groat interest has always bo(?n aroused by the problem of secretion, 
as it is one of those processes in the body which at first sight might 
be explained on a physico-cliomical basis, Imt which oh further 
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iinalysin is shown to bo very much more complicated. From a study, 
largely of the secretion of saliva, certain facts hav(3 been established 
in relation to secretion in general. (1) The osmotic pressure of the 
saliva is less than that of the blood, so that physically, water would 




Fia 177 —Diagram of types of secreting glands, a, Simple glands, viz., g, straight 
tube; h, sac; i, coiled tube. «, Multilocular crypts; k, of tubular form; I, 
saccular, r, Racemose, or saccular compound gland; m, entire gland, showing 
branched duct and lobular structure; n, a lobule, (letached with o, branch of 
duct proceeding from it. d, Compound tubular gland. (Sliarpey ) 

tend to pass from the saliva into the blood for reasons which 
have already been discussed; (2) the pressure of the secretion 
in the duet of the gland may exceed the blood-jiressure ; and (3) 
substances occur in the secretion in greater eonociitration, e.g. 
enzymes, tJian they do in the blood, or sulistanccs may ho elaborated 
which do not exist in the blood as such at all, e.g. the hydrochloric 
acid of the stomach. These last two facts dispose of any contention 
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that the secretion is merely filtered off from the blood by a physical 
process. Further it has l)ecn calculated that it would require a 
pressure some twenty times greater than that of the arterial blood 
to produce from the blood a salt solution of the same concentration 
as that of saliva. (4) On the other hand, it can be shown that any 
increased concentration of the blood, i.e. raising the osmotic pressure 
of the blood, reduces secretion. (5) Finally, it has been sliown that 
the more active the gland is the more oxygen is consumed, and it 



is evident that the gland uses fuel and does work in a physical 
sense. Electrical changes are also produced. 

It can be shown that this work is done not by the endothelial 
cells of the vessels but by the cells of the gland, for the gland 
if placed in a plethysmograph becomes reduced in size when it 
secretes. A mere dilatation of the vessels set up by stimulation of 
the nerve brings about in a gland such as the submaxillary, after the 
administration of atropine to stop secretion, an increased volume. 
If, then, in secretion there is first an increase in permeability of the 
vessels a preliminary increase in volume would be expected. This, 
as we have seen, does not occur. 
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Tf the salivary .inlands are examined liistolouiieally, granules can 
b(3 seen to accumulate in the cells of the gland during rest, and 
during secretion the granules swell, arc extruded from the free edge 
of the cell, and then dissolved. Jt is gmierally agri^ed that the cell 
does active work in manufacturing the granules, but how the water 
is “pumjied” into the lumen is very dillicult to deterniin(\ The 
idi'a of the ‘'puni])” may be conveniently ap])lied to this process 
whicli we do not yet understand and whiidi forces fluid into the 
lunuui of tlie gland against forces wliich tend to retain it in the 
blood. 

It has b(ien sugg(\sted that the granules break down into smaller 
niolecul(\s whi(*h raise the osmotic pressure and cause water to bo 
attracted from the blood. In part of the cell a solution more dilute 
than the blood is formed and extended, causing an increased con- 
centration in the remaining jiarts of the cells wliich attract further 
water from the blood and lymph. 

Another view is that the side of the cell next to the basement- 
membrane is impermeable to the osmotically acTive substances 
manufacdureil by the cell, while the side next the lumen is not. 
From a tube closed at each end by such membranes a flow has been 
found to continue till the osmotKaally active substance is expelled 
and it is possible that secretion may bo similarly produced. 

We do not, however, really know; and still Jess have we any idea 
how secretion can be control le<l by nerves, unless it be that the 
nerves cause the production of substances which infiuence the 
pernuxibility of (ail Is of the gland. 

All gltinds are under the control of two sots of nerves, the 
sympathetic and the parasympathetic. In tlie alimentary canal 
tile sympathetic stops true secretion although it may csaise existing 
secretion to be driven from the gland. Stimulation of the para- 
sympathetic, or the use of a drug such as pilocarpine which has 
a similar action, increases secretion, while atropine causes a cessation 
of glandular activity. In surgical operations, especially on the nose 
and throat, atropine is an important means of reducing the secretion 
in these regions. 
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SALIVA 

The sjilivji is formed by tliri'o ])airs of salivary glands, ea.l]od the 
parotid, .su])maxil lary, and suhlinmial glands. 

The Salivary Glands. 

These typical secreting glands are made up of lobuJr.R united 
by conneedive tissue. K.udi lobule is made of a group of tubulo- 
saccular alveoli or acini, from whi(;b a duet p<isses , this unit<;s with 
other ducts to form larger and larger 
tubes, the main duct oi)ening into the 
mouth. 

Each alveolus is surrounded by a 
plexus of ca})illari(?s ; the lluid wliicli 
exudes from these is in dinict contact 
with the basement - membrane that 
encloses the alveolus. The basement- 
membrane is lined by secreting colls 
which surround the central cavity or 
lumen. The basement - mejnbrane is 
thin in many places, to allow the lymph 
more ready access to the secreting cells ; 
it is continued along the ducts. 

The secreting cells dilfer acicording 
to the substance they secrete. In alveoli 
which secrete mucin (such as those in the sublingual gland and some 
of the alveoli in the submaxillary) the cells afto]‘ treatment with 
water or dilute acid are clear ami swollen (ligs. 180, 181); this is 
the appearance they usually ])rosent in sections of the organ. Eut if 
examined in their natural state by teasing a ]>ortion of the fresh gland 
in serum, they are seen to be occupied by large granules composed 
of a substance known as miira/en or 'nvuchwijcai (fig. 181 !). When the 
gland is active, mmdgen is transformed into mmdn and discharged as 
a clear droplet of that substaiu'-e into the lumen of the alveolus. 
Outside those are smaller, highly granular (iolls containing no 
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I. 17') I''ri)iii .1 st'C’lioii a 

salnary n, Scious or alliHim- 

al\eoli, b, inlKilobular diu t 
cut tian'5\ (‘r-^cly, al^o a diu t cut 
loiijj,itu<iniall j (Klein and XuLilo 
Sriiitli.) 
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mucigon; those marginal cells stain darkly, and generally form 
crescentic groups {crescents or demilunes of Gianuzzi) next to 
the basement - membrane. They do not secrete mucin, but are 
albuminous cells. After secretion their granules are lessened. The 



Fin 180 —Mucous cells from subniaxillary gland of dog n, From a resting or loaded gland ; ??, from a 
gland which has bec-n secreting lor some tiini'; a', />', similar cidls which ha\o been treated with 
dilute acid (Jjangley.) (From (^nifnn's Anatomy, by permisMon of Messrs Ijongmans, Green & Co ) 


demilunes are therefore easily seen in the gland before secretion, 
owing to the contrast they exhibit to the cells loaded with mucin. 

In those alveoli which do not secrete mucin, but a watery non- 
viscid saliva (parotid, and some of the alveoli of the submaxillary) 





Fio, ISl,— Section through a mucous gland hardened in alcohol Tlio alieoli are lined 
with mucous cells, and outside these are the demilunes (Ueidenhain.) 


the colls are filled with small granules of albuminous nature. Such 
alveoli are called serous or albuminous^ to distinguish them from the 
mucous alveoli we have just described (fig. 18 i). 

These yield to the secretion its enzyme, In the salivary 

glands we may term the zymogen, 'ptyalinoge7i provisionally, but it 
has never been satisfactorily separated chemically from ptyalin. 
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After secretion the cells shrink, they stain more readily, their 
nuclei become more conspicuous, and the outer part of eacli cell 
becomes clear and free from granules (fig. 182). 



Fi(} IS'J — Ahf'oli of parotiii gland. A, boforo socrction ; ]{, in tlio first stagn of socrotion ; 
O, aft<‘r prolongcil sccretiou (lianglcy ) 


The Secretion of Saliva. 

The submaxillary gland has a double nerve-supply: (1) Para- 
sympathetic, and (2) sympathetic. (1) llie chorda tyvipani ; this is 
a branch of the seventh cerebral nerve (facial), and in part of its 
course is bound up in the same sheath as the lingual nerve, a branch 
of the fifth (trigeminal). Wlien the lingual nerve crosses Wharton’s 
duct beneatli the tongue, part of the chorda tympani leaves the 
lingual, and the preganglionic fibres in it for the submaxillary pass 
into the hilus of that gland, and end by arborising round a scattered 
collection of ganglion cells concealed within the substance of the 
gland. This ganglion is known as Langley’s ganglion. From the 
cells of Langley’s ganglion, post-ganglionic fibres are distributed to 
the gland-cells and also to the blood-vessels. 

(2) Bymiiaihdic branches are derived from the plexus around 
the facial artery and accompany the arterial branches which supply 
the gland (see fig. 183). 

When the chorda tympani is stimulated, secretion of saliva and 
dilatation of the arterioles take place invariably, but the action of 
atropine indicates that these two effe(its are quite distinct although, 
no doubt, nudabolites normally assist in causing the vasodilatation. 
Differences occur according to the strength and frequency of the 
stimulating current, but on the whole it would seem that the chorda 
controls the amount of secretion produced. Eecent investigations 
have shown that the part played by the sympathetic differs so widely 
in different animals tliat the many theories formerly advanced of the 
relative part played by the two nerves must be regarded as mere 
matters of speculation (P)abkin.) In the dog the secretion caused 
by sympathetic stimulation is thick, but in the cat it is thin. 
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Section of the chorda tympani produces no immediate result ; but after a few 
days a scanty but continuous secretion of tliin watery saliva takes place ; this is 
called paralxjtic secretion. If the operation is performed on one side, the gland of 
the opposite side also shows a similar condition, and the thin saliva secreted 
there is called the untili/fAc secretion. This suggests that the chorda exercises a 
trophic or nutritive function in relation to the cells of the gland. 



Besides tlio .secretory uiechaiii.STiis re^iilateil clii(41y by the 
parasyiupatludKi therit is another inecdianisni in the salivary glands 
whie.h evjiressos tlie saliva from the gland. 'Jdiis me(dianis]n is 
probably under th(i control of the synijiathetic (Babkin), but it is not 

yet (dear wliat histological eleimuits 
are r(\spon.sible for this ]m'ssor elfect. 

Effect of Drugs on the Gland. 
Atrojmie. — After intravenous injec- 
tion of this alkaloid^ stimulation of the 
chorda tympani no longer produces 
secure tion of saliva. Much larger 
doses are necessary to abolish the 
vasodilator ellecd of chorda sthnnla- 
tion, or the sympathetic flow in those 
cases whore previous stimulation of 
this nerve evoked a secretion of saliva. 

rihearpine jiri^dnces a copious 
flow of saliva, accompanied by vaso- 
dilatation. 

Ergotoxine paralyses the effects of 
sympathetic stimulation, but not those 
of stimulation of the chorda tympani. 

AdrcnalmG produces constriction 
of the blood-vessels. In some animals 
it evokes a ccmsiderablo How of saliva, 
and when this occurs the constric- 
tion of the vessels is followed by 
dilatation. This favours a view wliich has lj('.en advanced by some 
observers, that vasodilatation is in part produced by the chemical 
actiim of the products of activity (carbonic and lactic acids, etc.). 

The sublingual gland is innervated by the same nerves as the 
snlimax illary, but the preganglionic fibres of the chorda tympani 
have their cell-station in the so-called submaxillary ganglion which 
is situated between the lingual nerve and the (ieep part of the 
submaxillary gland (see fig. 183). This has been determined by 
Langley's nicotine method (s(ie Autoimmie. Nervous System). 

The parotid gland also receives two sets of nerve-fibres anahjgous 
to those we have studmd in connection with the submaxillary gland. 
The principal secretory nerve-filn’es are glosso-pharyngcal in origin, 
and reach th(i gland eventually by the auricuhi-temporal nerve ; the 


ISS - Di.u'iarn of seciotory iier\«!S of 
siibiiiaxillaiy and sublni^nal gland>. 
Two fibres of tlio clioida tjniiiaiii ((di ) 
are sliown, one of wlucdi sui)plie8 t)ie 
Htibliiigiial gland, of wbiclt an acinus is 
shown ; the oidl -station for this is in S 
(i , tlie so-callod siibrna\illary ganglion 
Tlie other fibre supjihes an acinus of the 
subnia\illary gland ; itscell-stataon is in 
Langley’s ganglion (L. G ), within the 
substance o1 the gland, Sy. is a fibre of 
the synijiatlietic, which has its cell- 
station in the superior cervical ganglKHi, 
S C G, (After ) 
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syiii])atlietic is mainly vasoconstrictor, but in the cat it does contain 
a few secretory fibres also. 

Mechanism of Salivary Secretion. — Under ordinary conditions 
the secretion of saliva is a retlex action. Tlie principal afferent nerves 
are those of taste; but the smell or sight of food will also cause ‘‘the 
mouth to water”; and under certain conditions, as before vomiting, 
irritation of the stomach has a similar effect. These sensory nerves 
stimulate a centre in the medulla from which elferent secretory 
impulses are reflected along the secretory nerves (chorda tymjiani, 
etc.) to the glands. The subject has been extensively studied by 
I*avlov and his pupils, especially llabhin. 

An external fistula of the submaxillary duct is made in the 
dog, and it is found that the sight of food, the smell of food, or the 
administration of any kind of food, causes secretion ; acid or even sand 
introduced into the mouth produces a similar effect. The results on 
the jiarotid secretion are as follows : if the dog is shown meat or the 
meat is given to it to eat there is only a scanty secretion of tliick 
lubricating saliva (0’5 c.c. per minute). If, however, the meat is given 
as a dry powder, the secretion is much more copious (2 c.c. per minute) 
thin diluting saliva. In such experiments the dog must be hungry, 
for the psychical element involved is important. It probably is 
the case that all constituents of the food causing secretion produce 
a flow from all the salivary glands, but different substances cause 
different amounts of saliva to flow, and this would naturally result 
from varied stimulation of touch and taste sensoi’y nerve-endings. 

Pavlov lias shown that practically any stimulus may become a 
“conditioned” stimulus of salivary secretion if the stimulus, e.g. the 
ringing of a bell, has lieen previously associated with the giving 
of food. This became the basis of the study of Conditioned Pellexes. 

A marked reduction in the amount of saliva secreted takes place 
under conditions of emotional stress ; this used to be the basis of 
one form of trial by ordeal in which the accused was asked to 
eat a given amount of dry flour, and accounts also for the marked 
dryness of the mouth of public speakers in circumstances which 
bear no relation to their actual water requirements. 

Extirpation of the Salivary Glands. — These may be removed 
without any harmful effects in the lower animals. 

Thirst. {See Yisceral {Sensations.) 

The Saliva. 

The saliva is the first digestive juice to come in contact with the 
food. The secretions from the different salivary glands are mixed in 
the mouth ; the secretion of the minute mucous glands of the mouth 
and a certain number of epithelial scales and the so-called “ salivary 
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corpuscles’’ derived froiri tlie tonsils are a<lde<l to it. Tlie liquid 
is transparent, slightly opalescent, of slimy consistency, and may 
contain lumps of nearly pure mucin. On standing it becomes cloudy 
owing to th(i [)reci]ntation of calcium carbonate, the carbonic acid, 
wliicli held it in solution as bicarbonate, esca})iiig 

'i’he three forms of saliva which contribute to the mixture vary 
in the amount of solids they contain, sublingual has most and parotid 
least. The latter contains no mucin. Mixed saliva contains in man 
an average of about 0 5 per cent, of solids: it has a specilic gravity 
of 1002 to 1006 and its reaction varies from 5 8 to 7'G according 
to the yd I of the blood (IMathur). 

The solid constituents dissolved in saliva may be classified tlius: 


Organic 


Inorganic 

Bacteria 


a. Mucin : this may be precipitated by acetic acid. 
h, Ptyalin : an amylolytic enzyme. 

c. Protein : of the nature of a globulin. 

d. Potassium sulphocyanide. 

e. Sodium chloride : the most abundant and important salt. 
/. Other salts : sodium carbonate, calcium jihosphale and 

carbonate ; magnesium jihosphate ; potassium chloride. 
Viruses of hydrophobia and infantile p.iralysis. 


The action of saliva is twofold, jiliysical and chemical. 

Idle pliysical use of saliva consists in moistening tlie mucous 
membrane of the moutli; this facilitates speech and assists in the 
solution of soluble substances in the food ; the mucin lu1)ricates the 
bolus of food to facilitate swallowing. 

The chemical action of saliva is due to its active princi})le, ptyalin. 
This substance belongs to the class of enzymes which are called 
amylases (starch-splitting) or diastas(‘s (resembling diastase, the 
similar enzyme in germinating barley and other grains). 

The starch is lirst split into dextrin and maltose ; the dextrin is 
subsequently converted into maltose also : this occurs more quickly 
with erytliro-dex trill, which gives a red colour with iodine, than with 
the other variety of dextrin called achroo-dextrin, which gives no 
colour with iodine. Brown and Morris gave the following provisional 
equation : — 

10(C,H,,O> + inUfi 
[Starch.] [Water.] 


= ‘lnC,.,H220jj 
[Maltose ] 


+ (CeH,oO,)„ + (C,H,„0,)„. 

[Achroc-dextrin ] [Krythro-dextrui.] 


Ptyalin acts in a similar way, but more slowly, on glycogen : it 
has no action on cellulose ; hence it is inoperative on starch grains, 
when the cellulose layers are intact. vStarches vary appreciably in 
the ease with which they are digested by saliva. Mere grinding 
will allow the granules of rice ami arrowroot to be acted upon but 
not so in the case of wheat. It must be remembered that the husk 
of the seed contains a diastatic enzyme which would assist the 
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saliva were it not eonimonly removed by milling or destroyed by 
the processes used in whitening the hour. 

Ptyalin acts best at about the temperature of the body (35-40'' C.). 
It acts best in a neutral or slightly acid medium and in the presence 
of small amounts of salts; a small amount of alkali makes but little 
difference; a very small amount of additional acid stops its activity. 
For the action of the })tyaliii salt ions are necessary especially the 
chlorine ion of sodium chloride as may bt‘. seen by the rise of blood 
sugar after a carbohydrate meal. The conversion of starch into 
maltose by swallowed saliva in the stomach continues for a certain 
time. It then ceases owing to the hydrochloric acid secreted by the 
glands of the stomach. The acid which is first poured out neutralises 
the saliva, and combines with the proteins of the food, but when free 
acid appears ptyalin is destroyed, and so it cannot resume work when 
the acid is neutralised in the duodenum. Another amylolytic enzyme 
contained in pancreatic juice (to be considered later) continues the 
digestion of starch in the intestine. 

It has recently been pointed out by Hurst and Knott that 
vegetable starches are more easily digested if they are first acted 
upon by the hydrochloric acid of the stomach. If the starch is not 
adequately digested it may ferment in the intestine and lead to 
flatulence from production of gas. 

Salivary digestion continues in the stomach for a variable time. 
In some cases Cannon found that the food lying in the fundus of the 
stomach of animals in a quiescent horizontal posture underwent amylo- 
lysis for at least two hours, because the relative absence of movement 
in this region until quite late stages in digestion prevented admixture; 
with gastric juice, especially in the interior of the swallowed masses. 

If an animal is fed on different coloured foods it will be seen 
that the last taken passes into the centre of that which has 
previously entered. In this way the period of salivary digestion 
in the stomach is prolonged, since the food moistened with saliva 
is protected for a time from the gastric juicq the acidity of which 
destroys ptyalin. Eecently Campbell and Pembrey have demon- 
strated that even in man salivary digestion may continue much 
longer than is commonly supposed; especially is this the case if 
the secretion of gastric juice has been diminished by severe exercise. 
It is of interest to observe that normally we take fat with starch 
{eAj. butter with bread, cream with pastry, milk with porridge), and 
that the effect of fat is to reduce appreciably the amount of gastric 
secretion and presumably to prolong salivary digestion. 

In diseases the saliva may contain substances in excess in the 
blood salt as urea, sugar and calcium. 

Bacteria, notably those of hydrophobia and of infantile paralysis, 
are (;xcrcted in the saliva and may lead to infection. 
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DIGESTION IN THE STOMACH 

The Gastric Juice 

The stomach perforins a twofold function. It acts as a container 
of food, a function which is specially important in ruminants which 
regurgitate the food during the act of rumination. 'The stomach 
acts as an organ of digestion by providing facditios for the continu- 
ation of salivary digestion and by initiating the digestion of the 
proteins; this latter it does in virtue of the gastric juice secreted 
by the glands in its wall. 

'The glands of the mucous membrane are of three varieties: 
(a) Cardiac, (h) Fundus and body, and (c) Pyloric. 

(a) Cardiac glands are (1) simple tubular glands lined by short 
columnar granular cells, (2) small tubulo-racemose glands, only 
found quite close to the cardiac orilice. 

(h) Fundus and body glands are found throughout the remainder 
of the stomach except the pyloris. They are arrangcid in groups of 
four or five which are separated by a fine connective tissue. Several 
tubules open into one duct, which forms about a third of the whole 
length of the tube and opens on the surface. The ducts are lined with 
columnar epithelium. The gland-tubules are lined with coarsely 
granular polyhedral cells {central cells). The central cells are mingled 
with a variable number of cells with clearer protoplasm which Lim 
proposes should be called mucoid cells. Between these cells and the 
basement-membrane of the tubes arc large oval or spherical cells, 
opaque or granular in appearance, with oval nuclei, bulging out the 
basement-membrane ; these cells are called oxyntic or parietal cells. 
They do not form a continuous layer. 

{c) Pyloric Glands. — These (fig. 186, p. 451) are found in the 
pyloric canal, and have longer ducts than the fundus glands. Into 
each duct two or three tubules open by very short and narrow necks, 
and the body of each tubule is branched and convoluted. The 
lumen is large. The ducts are lined with columnar epithelium, 
. and the tubules with shorter and finely granular cubical cells, not 
at all unlike the mucoid cells of the fundus glands. The pyloric 
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glands have no parietal cells. As they approach the duodenum the 


pyloric glands become 



larger, more convoluted and more deeply 
situated. They are directly con- 
tinuous with Brunner’s glands in 
the duodenum. 

The central cells of the fundus 
glands are loaded with granules. 
During secretion they discharge 
their granules, those which remain 
being chiefly situated near the 
lumen, leaving in each cell a clear 
outer zone. These are the cells 
that Secrete the pepsin. The 
zymogen in the gastric cells is 
called pepsinogen. The rennet- 


Fia. 1S5.— Transverse section through 
lower part of fundus glands of a cat. 
tt, Parietal cells ; 6, central cells ; 
c, transverse section of capillaries. 
(Prey.) 

enzyme that causes the curdling 
of milk is formed by the same 
colls. 

The oxyntic cells undergo 
merely a change of size during 
secretion, being at first somewhat 
enlarged, and after secretion they 
are somewhat shrunken. They 
are so called because they secrete 
the hydrochloric acid of the juice. 
Heidenhain succeeded in making 
in a dog a cul-de-sac of the fundus, 
in another, of the pyloric region 
of the stomach; the former secreted a juice containing both acid 
and pepsin; the latter, parietal cells being absent, secreted a viscid 
alkaline juice containing a weak proteolytic enzyme, but true pepsin 
is here absent (Lim). 


Fiq. 184.— From a vertical section through the 
nmcoua membrane of the cardiac end of 
stomach. Two fundus glands are shown 
with a duct common to both a, Duct with 
columnar epithelium becoming shorter as 
the cells are traced downward; n., nock of 
gland tubes, with central and parietal cells ; 
h, ba.so with curved ciecal extremity— the 
parietal cells are not so numerous hero. 
(Klein and Noble Smith.) 
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The formation of a free acid from the alkaline blood and lymph 
is an important problem. There is no doubt that it is hnincd from 
the chlorides of the blood and lymph, and of the many theories 


advanced about its actual mode of formation, 
none is wholly satisfactory. Some theories 
are chemical, and explain the formation of 
the acid by an interaction of the chlorides 
and phosphates. Others call to their assist- 
ance “the law of mass action,’’ and we 
certainly know that by the action of large 
quantities of carbonic acid on salts of 
mineral acids, the latter may be liberated 
in small quantities. know further 

that small quantities of acid ions may 
be continually formed in the organism 
by ionization. But in every case wo 
can only make use of these explanations 
if we assume that the small quantities 
of acid are carried away as soon as they 
are formed, and thus give room for the 
formation of fresh acid. Even then we 
are unable to explain the whole process. 
A specific action of the cells is no doubt 
exerted, for these reactions can liardly be 
considered to occur in the blood generally, 
but rather in the oxyntic cells, which 
possess the necessary “selective” powers 
in reference to the saline constituents 



Fjq 1<S(5 -- Section s}iowing tlie 
pyloric glands s, I’leo sur- 
laco; d, ducts of pyloric glands ; 
11 , nock of same; m, the gland 
tubules; mm, inusculaiis mu- 
cosio ( Klein and Noble Smith.) 


of the blood, and the hydrochloric acid. 


as soon as it is formed, passes into the secretion of the gland in 


consequence of its liigh power of diffusion. 


Methods of Investigating Gastric Secretion. 

The early physiologists arrived at the idea of the chemical action 
of the gastric juice by somewhat heroic methods. We read of 
Spallanzani (1729-99), who swallowed sponges tied to strings and 
pulled them up again to obtain sam])les, and of Stevens in Edinburgh 
(1777), who persuaded a man to swallow small perforated boxes 
containing meat, which were later regurgitated. 

Fistula, — The most celebrated investigations are those of 
Beaumont upon Alexis St Martin in 1822, who, in virtue of a 
gunshot wound, had a gastric fistula, i.e. an opening between the 
stomach and the exterior. Nowadays, rubber tubes are passed down 
into the stomach and the contents withdrawn after a given test meal. 
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Ewald's Method. — In this method, the stomach contents are 
withdrawn with a atomaoh-tube one hour after a test meal consisting 
of a cup of tea and a piece of dry toast. 

Fractional Method of Rehfuss. — The tube used in this method 
is of small bore (Einhorn) and has a small expanded metal end. It 
may be left in position for several hours if (lesired. Samples may 
then be drawn off at intervals by means of a syringe. The test 
“ meal ” consists of strained porridge (flavoured witli salt) which is 
readily aspirated, or of dilute alcohol. Some investigators, however, 
prefer to administer by sii])Cutaneous injection a small dose of 
histamine. 

The Pavlov Pouch. — l>y tliis method a ])ioce of tlie stomach is 
separated from tlie remainder of the organ. It is descrilxul in more 
detail below. 


The Composition of Gastric Juice. 


This varies acctording to the time at wiiich the sam])le is taken 
after a meal, but avoi'age ligures are given in tlie following table: — 


Gonstit'iicnts : — 

1. Water .... 

2. Organic substan(M*s (chi(*lly ])('psin) 
.T irCfl, free . 

4. Chlorides (inorganic as IfCl) 

5. rh()S[)hat(is 
G. Organic acids 

7. Blood-forming factor 


Tfi cent 

99 44 
0 ;i2 

0 02-0 2 
0 03-0 3 

j about 0*0 1 


The presence of the specific acid was fir.sl recorded by Siliiman of Yale in 
samples from St Martin. The acidity had been noted by Beaumont. From 2000 to 
3000 c.c. are .stat«‘d to be excreted daily. 


Of special interest is the HCl and chloride content of the juice, as 
they have a special relation to gastric ulcer. In practice the free HCl 
is estimated by titration with N/IO HaOH, using Tdpfer’s reagent, 
which changes from red to yellow at y>JI 3*6, as an indicator, then 
total chlorides by the Volliard method. The content of inorganic 
chlorides is then found by subtracting 1 from 2. The total acidity 
of the juice is estimated, using phenolphthalein, which changes at 
8*3 from colourless to red, as an indicator, and is of interest, as 
this less the free HCl gives the amount of organic acid present. It 
must be undei’stood that the chlorides may be exiiressed as such 
or as HCl, but one expression may readily be converted into the 
other by making use of the molecular weights 58*5 HaCl —36*5 HCl. 
These simple estimations do not take into consideration HCl in 
combination with protein. Tliis is really included in the inorganic 
chlorides as estimated above and in the total acidity. 



CH. XXIX.] 


SECRETION OF THE GASTRIC JUICE 


453 


The Source of the Hydrochloric Acid. — This acid wo have 
soon is prodiKiod from the oxyiitic colls of tlie fundus. The 
chlorid(} conics from the blood whoso chloride content becomes 
low(U’ed during si^cretion, hut how living cells can produce such 
a strong a('id is dililcult to understand. It has beiui suggested that 
ammonium chloi'ide is seijrehal and losiis its ammonia outside the 
(;ell, tlius NH^Gl — NlLj = HCl, hut tlui reaction NalLPO^ + NaCl = 
ISTa.^HPO^ + KGl, is more probable in view of th(^ fact that HOI is 
known to bo set free in tlaj carriage of liy the blood. The 

injection of dyes and staining reactions have suggcisted that the 
inbuior of the cell may really be acid. 


Mechanism of Secretion of Gastric Juice. 

1. Ceniral Nervous Mechanism . — As long ago as 1852 Bidder and 
Schmidt showed in a dog with a gastric fistula that the sight of 
food caused a secretion of gastric juice ; and in 1878 Bichet observed 
that in a man with complete occlusion of the gullet the act of 
mastication caused a copious flow of gastric juice. Much of our 
knowledge has been obtained by the use of the Pavlov pouch (so 
called after its inventor). A piece of the stomach with its nerve 
and blood supply intact is completely separated off from the main 
stomach. Such a pouch reacts to various stimuli like the main 
stomach except that food does not normally enter it. 

Another procedure adopted was to divide the oesophagus and 
attach the two cut ends to an opening in the neck. The animals 
could thus be subjected to: (1) real feeding, (2) sham feeding, by 
allowing them to eat food which subsequently passed out through 
the neck opening, and (3) psychical feeding, in wliich the animal was 
shown the food but was norallowed to eat it. 

Sham feeding with stones, butter, salt, pepper, mustard, and acid, 
though it excited a ^ow of saliva, produced no effect on the stomach. 
If, however, meat was used for the sham feeding, an abundant and 
a^ctive secretion (gratification of appetite) occurred in the stomach 
(that of the small stomach was actually examined) aft^ a latency 
of about five minutes. The secretion is thus adapted to the kind 
of food the dog has to digest ; the larger the proportion of protein 
in the diet, the more abundant is the juice, and the richer both in 
pepsin and acid. 

Indeed, if the animal is hungry and shown the meat and not 
allowed to swallow it, the effect is almost as great (psychical 
secretion), but if the animal is not hungry, secretion may be 
practically absent. The following striking experiment also shows 
the importance of the psychical element. Two dogs were taken, 
and a weighed amount of protein introduced into the main stomach 
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of each witiKJut their knowledge; one was then sham fed on meat, 
and one and a lialf hours later the amount of protein digested by 
this dog was five times greater than that wliich was digested by 
the other. 

If the vagi are cut (below the origin of the recurrent laryngeal to 
avoid paralysis of the larynx), and sham feeding is then performed 
with meat, no secretion is obtained ; the vagi therefore contain the 
secretory fibres. The experiment of stimulating the peripheral end 
of the cut nerve confirmed this hypothesis. The nerve was cut in 
the neck four or five days before it was stimulated; in this time 
degeneration of the cardio-inhibitory fibres took place, so that 
stoppage of tlie heart did not occur when tlie nerve was stimulated ; 
under these conditions a secretion was obtained with a long latency; 
the latency is explahied by the presence of secreto-inhibitory fibres. 
Atropine abolishes tlie action of the vagus. The removal of the 
cerebral (iorh^x also aholish(\s this vagal seiu’ction from the smell 
and sight of food, i.e. psychical secridion. It does not, howevi^r, 
abolish gratification of a])petile seiantions which di^piuuls on more 
(linnet stimulation of smell and taste 

2. Gastrle Mechanisms . — Tdiese factors in digestion are studied 
by putting substances into the stomach without the knowledge 
of the subject. The miu’c distension of the stomach with food 
causes a secretion of gastric juii'.e even when the organ is denervated. 
How far this is mechanical and the result of the gastric movements 
set u]) (Babkin) and how far it is chemical is not quite settled. 
It is probably both. Certain siibstanci^s have a special stimulating 
action on secretion. Of these the most inqiortant are meat 
extracts, but even water may cause a small secretion. Dextrin, a 
product of salivary digestion, however, as shown by Herzen, causes 
secretion of much juice rich in pepsin and hydrochloric acid. 
The products of proteolysis are also peptogcnic, so that when once 
digestion has started, a stimulus for more secretion is provided. 

Alkalis such as sodium bicarbonate except in large doses cause 
a secretion of gastric juice, while acids such as acetic bring about 
a cessation of aedd secretion (Maclean). 

It has recently been denied that substances like moat extracts 
or alkalis produce those elTects by local action (Babkin, Ivy). In 
man, of course, psychic and appetite effects are not usually 
excluded. 

It was found by Edkins that extracts of the wall of the stomach 
injected into the blood stream caused a secretion of gastric juice and 
he suggested that the hydrochloric acid in coming in contact with 
the pyloric canal causes the absorption into the blood of a substance 
gastrin, which causes a secretion of gastric juice. This substance 
can be extracted from mucosa of the pyloric canal. Ivy and Farrell 
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have succeeded in Irausplaiiting a pocket of stoiiiacli to the iiiaminary 
region. Sueli a pocket responds to extracts of mucosa injected into 
the blood. 

The conclusions drawn from such experiments are, however, com- 
plicated by the fact that all such extracts arc liable to contain the 
intensively active gastric stimulant histamine, a derivative of the 
amino-acid histidine. Lim lias satisfied himself that histamine-fret^ 
extracts have the same effect on the normal stomach, Imt Ivy and 
Farrell could not get extratits free from histamine to act on the 
transplanted stom.ach. We sec then in summarising that there 
are two phases of gastric secretion, the first of whicli is nervous 
and the second chemical. 

Certain articles of diet such as fat diminish the gastric secretion 
during the first hour but thereafter the acidity of the gastric juice 
may be increased, possibly owing to delayed emptying and to absence 
of duodenal regurgitation (Eoberts). When these fats are given to 
reduce secretion it is essential that they are followed later by 
alkali such as magnesium oxide. Atropine by ])aralysing the 
parasympathetic reduces gastric secretion like all other secretions. 

T. IntcMinal Mecliaimm . — It has now beconui evident that the 
presence of food in the intestine causes a s(;cr(*tioii of gastric juice. 
It occurs after se(dion of all nerves, but how exactly it is jirocluced 
is not quite (icrtain. A hormoiui may produced or the ])roducts 
of digestion after absorbtion may stimulate (lam, Ivy, McCorky). 

Carlson’s Man. — A large amount of information regarding the 
secretion of gastric juice in man has been obtained by Carlson in 
a man with a gastric fistula like that of Alexis St Martin. He h.as 
shown that, apparently, the psychic secretion is not so important in 
man as the experiments of Pavlov suggest, but that the secretion 
which takes place when there is gratification of appetite is specially 
important. Apparently man, being more sophisticated than the dog, 
does not unconsciously presume he will get food until he actually 
does so. Carlson has shown that articles which are pleasant to the 
taste of the individual, evoke considerably more gastric juice than 
others. We see here the importance of the cook in relation to our 
digestion. Whatever the actual cause there can be no doubt that 
meat' extracts, especially if pleasantly flavoured, cause a marked 
increase in the hydrochloric acid and pepsin in normal man, a point 
of very considerable importance in the stimulating of poor digestion 
and in the prevention of excessive secretion in the treatment of 
gastric ulcer. 

The effect of emotion on gastric secretion has been clearly 
demonstrated in Carlson's man, and also by Venables and Bennett, 
who have shown that, as in the case of the saliva, the secretion of 
gastric juice may be markedly reduced by mental stress. It has 
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also been shown that sympathetic stimnlatLon causes a reduction of 
gastric secretion (Flint and Moll). We shall see later that gastric 
movements may similarly be reduced. 

The Physiological Order of a Dinner. — Tt is of considerable 
interest that mankind has gradually evolved an order of taking 
articles of food which is fairly physiological. The tasty horsrd’ ceuvre 
or soup come early to stimulate secretion, in virtue of appetite 
secretion and of tlie elTect of meat extracts. This is followed by the 
main protein course, "fhen comes the carbohydrate or sweet course, 
the starch, which by coming late, has all the more chance of being 
digested by the saliva. Last comes the fruit, which cleanses the 
teeth, and whose acid promotes the secretion of saliva for furthering 
the digestion of the sweet. In addition, as pointed out by I^avlov, we 
have cultivated the convention that it is a pleasure for individuals 
to dine together under conditions most favourable for stimulating 
the appetite and promoting a sense of well-being. 

Alcohol. — The consumption of alcohol with meals is a time- 
honoured custom. It us(id to be taught that this substance had no 
stimulating action on the gaatrici secretion, but since the introduction 
of the fractioiml method of investigating the gastric contents it has 
be(m found that dilute alcohol causes a very a])pre(;iable secretion 
of liydroehloru; aend (IMaclean). There seems little doubt, also, that 
by paralysing some of the higlier mental mechanisms it promotes a 
sense of well-being and by “drowning” cares may be of much value 
in promoting digestion. 

Actions of Gastric Juice. 

Gastric juice has the following live actions : — 

1. It is antiseptic, owing to the hydrochloric acid present, 
putrefactive processes do not normally occur in the stomach, and the 
micro-organisms which produce such processes, many of which are 
swallowed with the food, are in great measure destroyed, and thus the 
body is protected from them. 

2. It is proteolytic; this is a most important action. The 
proteins of the food are converted by the pepsin-hydrochloric acid 
into peptones (see Trotein Hydrolysis). 

The question lias been often raised why the stomach does not digest itself during 
life. The mere fact that the tissues arc alkaline and pepsin requires an acid 
medium in which to act is not an explanation, but only opens up the fresh problem 
why tlie pancreatic juice whicli is alkaline does not digest the intestinal wall. 
To say that it is tlie vital properties of the tissues that enable them to resist 
digestion only shelves the difliculty and giveytio real explanation of the mechanism 
of defence. Recent studies on the important question of immunity (q.v.) 
have furnished us with the key to the proolem ; just as poisons introduced from 
without stimulate the cells to produce antitoxins, so harmful substances produced 
within the body are provided with anti-substances capable of neutralising their 
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effects ; and Weinland has shown that the gastric epithcliuni forms an antipepsin, 
the intestinal cpitlieliiim an antitrypsin, and so on. 'The bodies of parasitic worms 
which live in the intestine arc particularly rich in these antibotlies. 

It curdles milk. This is due to the presence of reiinin. The 
roiiniu converts the soluble caseiiiogeu of milk into insoluble casein, 
which combines with calcium to form calcium caseinates, the curd 
which is subsequently digested by the HCl and pepsin. Kennin 
and pepsin are distinct enzymes. They may be precipitated and 
destroyed by different agencies. 

4. It inverts cane-sugar into glucose and fructose. Tliis also is 
due to the acid of the juice, and is frequently assisted by inverting 
enzymes contained in the vegetable food swallowed. The juice lias 
no action on starch. 

5. It contains lipase, a fat-splitting enzyme. The protein 
envelopes of the fat-cells are first dissolved by tlie jiepsin-hydrochloric 
acid, and the solid fats are melted. They are then split in small 
measure into their constituents, glycerol and fatty acids. TJiis action 
is mainly produced by a regurgitation of the contents of the duodenum 
mixed with pancreatic juice; but even after the pylorus has been 
ligatured and regurgitation prevented, the gastric juice itself produces 
a small amount of fat-splitting, and therefore contains lipase. 

6. The blood-forming intrinsic factor present in the juice reacts 
with an extrinsic factor in the food to form a blooil-forming principle 
which is essential for the maturation of the red blood-corpuscles. 
Its absence leads to pernicious anaunia (see lUood Tormatii^}.'^'"' 

7. The mucus is an important protective agent against auto- ^ 
digestion and is increased greatly by irritants. 

The Limitation of Gastric Acidity. — It is seen that the 
percentage of HOI in freshly secreted gastric juice is about 0 5 per 
cent., but it must be understood that this concentration of IIOl is 
not normally in contact with the stomach-wall. During digestion 
much of the free HCl is neutralised by the amphoteric protein of 
the food and the ultimate percentage is only about 0‘1 to 0*2 per cent., 
which is about the optimum pH 16 for the action of pepsin. 

When the food has left the stomach the acidity is prevented 
from rising by regurgitation of the alkaline fluid from the duodenum. 
The evidence for this is that bile and lipase may be found in the 
stomach, and that although at the end of an hour and a half after 
a meal there is a reduction in the concentratio]i of free HCl in the 
stomach, the chloride content still remains high. This is well seen 
in fig. 187. Eegurgitation has also been observed ])y X-rays (Bolton). 
Some neutralisation may also take place as a result of the secretion of 
alkali by the cells of the pylorus as described by Heidenhain (p. 450), 
while Beaumont in his original experiments on Alexis St Martin 
noted that the mucous membrane was alkaline during rest. 
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i\/corclinH to Macl(3aii, however, the persistence of the high 


chloride content is due to the 



Tio 187 --A record by Bolton of the analysis of 
gastiic jmco of a uoiinal man taken hy t)i« 
fractional luothud TC, Total oliloiidos ; '1C, 
Inorganic chloiides; Act llCl, Free hydio- 
chloiic acid. Samples were taken eacli (inartei 
of ail Lour. Described in text. 


Dcrction of neutral chloride by 
the stomach itself, and the fall 
in the free llCl is due to the 
action of JI ions on tlie stomach. 
In support of this thctiry he has 
shown that the introduction of 
any acul into tlie stomach will 
cause a cessation of the secre- 
tion of HCJl produced by dilute 
alcohol. He doi's not, however, 
explain why this mecdianism so 
readily brt^aks down and hyper- 
chlorhydria ocmirs. Tlu; views 
of Bolton and Ma(dean are not, 
however, mutually exclusive. 

There is reason to believe that 
regurgitation friim the duodenum 
is of clinical importance and that 
if it is reduced and the gastric 
acidity rises there is an abnormal 
lialiility to gastric ulcer, for the 
hyperchlorliydria prevcdits an 
injury of the mucous membrane 
from healing. On the other 
hand, excessive regurgitation 
may occur to neutralise ab- 
normal acids {e.g, Inityric) taken 
in with or produced from the 
food, and result in the so-called 
\ “ bilious attack.” 

It has long been stated that 
the administration of fat increases 


tlie regurgitation from the duodenum, but in view of the work of 
Bober fcs a more detailed investigation of this prolilem is necessary. 

In this connection it is interesting to note that bile precipitates 


pepsin. 


Variations in the Quality of Juice produced by 
Different Stimulants. 


There has lieen considerable evidence that the juice produced by 
different stimulants varies. Meat has been found to produce a juice 
higher in acid content than that of bread but lower in jiepsin content. 
Even milk (jauscs a slightly greater acidity than bread but less 
^pepsin (Pavlov, Carlson). 
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CHAPTER XXX 


DIGESTION IN THE INTESTINES 

Digestion in the intestine is brought about by the juice which is 
poured into the gut by the neighbouring gland, the pancreas, assisted 
by the bile and the secretions elaborated by the glands in the intestinal 
wall itself. 


The Pancreas. 

This is a tubiilo-racemose gland closely resembling the salivary 
glands in structure. The principal differences are that the alveoli or 
acini are more tubular in character; 
the connective tissue between them 
is looser. 

The secreting cells of the 
pancreas are polyhedral. When 
examined in the fresh condition, or 
in preparations preserved by osmic 
acid, their protoplasm is seen to be 
filled in the inner two-thirds with 
small granules ; but the outer third 
is left clear, and stains readily with 
protoplasmic dyes (fig. 188). 

During secretion the granules are ^ 
discharged; the clear zone conse- 7 
quently becomes wider, and theJ)A 
granular zone narrower. 

These granules indicate the 
presence of the zymogens, which 
are the precursors of the enzymes 
in the juice. The secretory granules 
here as in other glands are prob- 
ably formed from the mitochondria which are present in the 
protoplasm. 

Scattered between the ordinary glandular cells are small masses of 
epithelial cells free from ducts. These are the islets of Langerhans 
which produce insulin. The granules of the cells are of two kinds : 



Fia. 1S8 —Section of the pancreas of a dog 
during digestion, a, Aheoli lined with 
cells, the clear outer zone of which is well 
stained with haematoxylin ; d, duct lined 
with short cubical cells, x 350. (Klein 
and Noble Smith.) 
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(a) granules which are fixed by alcohol, and (b) granules which 
are fixed by fixatives in watery solution, e.g. formaldehyde. The 
granules may be demonstrated by injecting neutral red into the 
animal before death (i.e. intravitam staining). 

Composition and Action of Pancreatic Juice. 

The pancreatic juice may be obtained by a fistula in animals, 
a cannula being inserted into the main pancreatic duct; but as 
with gastric juice, experiments on the pancreatic secretion are 
frequently performed with an artificial juice made by mixing a weak 
alkaline solution (1 per cent, sodium carbonate) with an extract of 
pancreas which is usually made with glycerol. 



Fio. 189. — Section of tlie paricreas of armadillo, showing alveoli and an islet of Langerhans 
in the connective tissue. (V. D. Harris.) 


Quantitative analysis of human pancreatic juice gives the follow- 
ing results : — 

Water 97*6 per cent. 

Organic solids 1*8 ,, 

Inorganic salts 0*6 ,, 

In the dog the amount of solids is much greater. 

The organic substances in pancreatic juice are — 

(a) Enzymes. These are the most important both quantitatively 
and functionally. They are four in number 

i. Trypsin, a proteolytic or proteoclastic enzyme. In the fresh 
juice, however, this is present in the form of trypsinogen, which is 
less active, but which becomes activated by the succus entericus. 

ii. Amylase, an amylolytic (amyloclastic) enzyme. 

iii. Lipase, a fat-splitting or lipolytic (lipoclastic) enzyme. 

iv. A milk-curdling enzyme. 
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2. Amylase (and Maltase). — Pancreatic juice is much more 
active than saliva, and it will act even on unboiled starch. The 
small amount of this enzyme in the juice of infants is an indication 
tint starch is not their natural diet. Some observers have found 
small quantities of maltase in pancreatic juice. 

d. Lipase. — Fats are split by pancreatic lipase into glycerol 
and fatty atuds. Phe fatty acids unite with the alkalii^s to form 
a small amount of sea]). 

If a glycrrol extract of pancrc.as is filtered, the filtrate has no lipocIasUe action ; 
the material deposited on the filter is also inactive, but on mixing it with the 
inactive filtrate once more, a strongly lipoelastic material is obtained. In this way 
lipase is sejiarable into two fractions : the material on the filter is inactive lipase ; 
the material in the filtrate is its co-enzyme ; the latter is not destroyed by boiling. 
Bile salts also activate the inactive lipase, and tins explains the fact that bile 
favours fat-sjilitting. 

Pancrciitic juice also assists in the emulsification of fats; this it 
is able to do because it is alkaline, and it is capable of liberat- 
ing fatty acids, which form soaps with the alkali present; the 
soap foriiiiug a film on the outer surface of each of the fat globules 
prevents them riiniiiiig togetlier. Such emulsification is, as we shall 
sec, greatly facilitated by the action of bile which reduces surface 
tension. The proteins present make the emulsions more permanent. 

4. Milk-curdling Enzyme. — The addition of pancreatic extracts 
or pancr(^atic juice to milk causes clotting; but this action (which 
differs in some particulars from the clotting caused by rennet) can 
hardly ever be called into ])lay, as the milk iijion which the juice has 
to act has been already curdled by the rennin of the stomach.* 

■ 

The Mechanism of Pancreatic Secretion. 

Tt was first shown by Popielski and Wertheimer and Le Pago 
that a How (jf ])ancreaii(^ juice still occurs when the nerves supplying 
the duodenum and pancreas have been cut through; and later 
Wertheimer found that the fi<jw can be excited by injection of acid 
into the jejunum, hut not when it is injected into the lower part of 
the ileum. These authors concluded that the secretion depended on 
a nervous mecliaiiism. 

This subject was reinvestigated by Starling and Bayliss. They 
showed that the secretion cannot be reflex, since it occurs after 
extirpation of the codiac plexus, and destruction of all nerves passing 
to an isolated loop of intestine. It must therefore bo due to direct 
stimulation of the pancreatic cells, by a substance or substances 
convoyed to the gland from the bowel by the blood-stream. 

Such a su])stance was discovered by Bayliss and Starling, and 

* Wliether the action on milk is due to a special enzyme, or is a side action of 
trypsin, is a moot point, similar to that raised in relation to pepsin. 
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called secretin. They found that if dilute hydrochloric acid (0*4 per 
cent.) is placed in the duodenum, or if an extract of the duodenal 
wall (made with dilute HCl but subsequently neutralised and freed 
from protein) is injected into the blood-stream, pancreatic secretion 
occurs, althougli this is not caused by injection of acid only into the 
blood-stream. The presence of this acid in the stomach suggested 
that hydrochloric had a specific action in this way, but later it was 
sliown by J. Mellanby that many substances (ether, soaps, alcohol, 
chloral, etc.), especially hile, when introduced into the duodenum 
were capable of exciting a flow of pancreatic juice. Further, it was 
recognised from clinical reference that pancreatic digestion was not 
impaired in the absence of free hydrocldoric acid in the gastric juice. 
An analysis of these and many other factors showed tliat secretin is 
present as such in the duodenal mucous membrane, and that secretin 
is carried into the blood by bile salts when bile is absorbed from the 
duodenum. Hence the secretion of pancreatic juice is intimately 
related to the entrance of bile into the duodenum. The discharge 
of bile from the gall-bladder and liver into the duodenum is in 
turn determined by the passage of peristaltic waves from the 
pylorus down the small intestine. Each peristaltic wave is 2 )receded 
by a wave of inhibition which releases the sphincter of the common 
bile-duct as it passes through the muscle of the duodenum; this 
relaxation determines the discharge of a few drops of bile into the 
duodenum. Hence the sequence of events leading to pancreatic 
secretion is as follows : The stomach discharges its contents into the 
upper part of the duodenum ; this initiates peristaltic waves which 
pass down the small intestine ; when a peristaltic wave reaches the 
entrance of the common bile duct, the sphincter is relaxed and bile 
enters the duodenum ; the bile salts are absorbed and carry secretin into 
the blood ; the secretin stimulates the pancreas to secrete X)ancrcatic 
juice and the bile salts are returned to the liver to act as cholagogues. 

Secretin has been prepared by Mellanby and appears to be a 
polypeptide. It is intensely active, 0'03 mgr. injected intravenously 
into a cat producing about 3'0 c.c. of pancreatic juice. It is soluble 
in water and dilute alkali, but is insoluble in dilute acid. It is 
probably the same substance in all animals and is not specific to 
different kinds of animals. The amount present in the intestinal 
wall becomes less and less below the duodenum. 

Although secretin is the special hormone for the pancreas 
it must be understood that the organ may be stimulated by 
non-specific substances, such as histamine, which occur in extracts 
of almost any organ. 

Pavlov by experiments of a similar nature to those which led 
him to the discovery of the secretory nerves of the gastric mucous 
membrane, discovered the secretory nerves of the pancreas in the 
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vagus and to a loss extent in the splanchnic nerves. Later it 
was shown that the formation of the enzymes of the pancreas is 
under the control of tlie vagus nerves, tlie action of secretin being 
to stimulate the cells of the pancreas to secrete a copious flow of 
dilute sodium bicarbonate by which these enzymes are carried from 
the ])aucreas into the duoilenum. Actually, as the work of Anrep 
and of Mellanby indicates tlicrefore, the specific work of the pancreas 
(tlie formation of enzymes) is controlled by the vagus nerves, whilst 
secretin stimulates the production of a fluid which carries these 
enzymes into the duodenum and ensures the presence of a fluid of 
the optimum reaction in which these enzymes exert their digestive 
actions. This latter action, as shown by Bayliss and Starling, does 
not a])pcar to be paralysed by atropine. 

Adaptation of the. Pancreas. —To .a certain degree it cannot be doubted tluit 
the pancreas adapts its secretion to the work it has to do. Thus, whereas gastric 
juice has a maximal ilow soon after llie ingestion of food, the pancreatic flow 
does not attain its full force until some time later, that is, when it is wanted. The 
view that this is due to the hormone named secretin, which is not formed until 
the gastric contents enter the intestine, fully explains the reason for the delay. 

Hut Pavlov W(mt further than this, and stated that the proportion of the 
various enzymes of the juice was adapted to the proportions of proteins, carbo- 
hydrates, and fats m the food taken. Considerable doubt has been cast on these 
results, because of the failure to confirm one of the most remarkable instances of 
such adaptation ; this is the power of the pancreas to secrete lactase (an enzyme 
capable of hydrolysing lactose). Normal jiancreatic juice contains no lactase, but 
certain observers stated that by feeding .an animal on milk, the pancreas could 
be educated to secrete it. Careful experiments by Plimmer have shown this is 
not really so, and so much more stringent experimental conditions will have to be 
imposed before the other adaptations can be considered proven. 

^ ' 

The Succus Entericus. 

Tlie succus entericus is secreted chiefly by Liolierkuhn’s follicles. 
It may be studied in isolated loojis. Thiry’s method is to cut the 
intestine across in two places , the loop so cut is still supplied with 
blood and nerves, as its mesentery is intact; this loop is emptied, 
one end is sewn up, and the other stitched to the abdominal wound. 
The continuity of the remainder of the intestine is restored by 
fastening together tlie upper and lower portions of the bowel from 
which the loop has been removed. In Vella’s method both ends of 
the loop are sutured to the wound in the abdomen. (See fig. 190.) 

Tlie succus entericus contains an important activator of the 
pancreatic juiee known as enterokinase. Claude Bernard, in 
studying the juice from the jiancreatic duct, entirely missed its 
tryptic action, for the fresh juice is inactive. Later it was shown 
by Pavlov that if fresh pancreatic and intestinal juices are mixed 
together, the result is a powerful proteolytic mixture, though neither 
juice by itself is so active. 
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Some activation takes place slowly through the inlluence of 
calcium (Mellanhy and Woolley). 

Trypsinogen, the precursor of trypsin, will digest peptones, 
histones, and protamines, but in association with the intestinal juice 
will also digest the more resistant substances such as fibrin, gelatin, 
and casein. (Willstdtter, 1928.) It used to be considered that 
trypsinogen was quite inactive, but this statement refers to its 
action on certain proteins only. A criticism of this conclusion is 
the hict that it is extreimdy dilUcult to be sure that the trypsinogen 
is quite free from trypsin which if dilute will attack the more easily 
digested proteins only. 

Several suggestions have been made as to how activation may take 
place. It may l)e tliat trypsinogen is a complex consisting of trypsin 



Pia. ]90 — Diagram of intostinal fistnl.a I, Tliiry’f^ method , II, Vella’ii method. A, Abdominal wall ; 
13, intestine, with mesentery , 0, separateil loop of intostino, witii attaclicd mesentery. 


united with a protein moiety, and so long as the enzyme is combined 
in this way it is only partially active ; enterokinase acts upon the 
protein moiety, and thus liberates the trypsin (J. Mellanhy and 
Woolley). 

It is also suggested (Waldschmidt Leitz) that the trypsin action 
is restricted to the splitting of two arginine groups, since it needs 
neither NII^ nor COOII groups. This is shown by the fact that it 
still acts if H is added to the NIT^ or if the COOIT group is esterified. 
Some protein-splitting enzymes need these groups. Enterokinase 
appears to be one of these. This may explain why it has been found 
that enterokinase appears to enter into chemical combination with 
trypsinogen in definite proportions. It may really be a combination 
with substrate acted upon by trypsinogen. Enterokinase is therefore 
not an enzyme as its name suggests, or it may be that eventually all 
enzymes will be shown to act similarly. 

Succus entericus has no action on native proteins such as fibrin 
and egg-white, but it acts on proteoses and peptone (Cohnheim). 
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It rapidly breaks them up into simpler substances, of which 
ammonia, leucine, tyrosine, and the hexone bases have been iden- 
tified. Colinheim named the enzyme to which this is due erepsin. 
Hamburger found tliat ere[)sin is also present in the human juice ; 
it is not identical with enterokinase, because erepsin is destroyed 
by heating the juice to 59° C. for three hours; enterokinase is not 
destroyed until the temperature is raised to 67° C. A similar enzyme is 
present in most tissues ; it is most abundant in the kidney. (Vernon.) 

Colinheim investigated the action of erepsin on a large number 
of proteins; it acts energetically on proteoses, peptone, and prota- 
mines: on histone, which occupies an intermediate place between 
protamines and the other proteins, it has a slight action. On the 
other native proteins it has no action, with the single exception of 
caseinogen, wliich is speedily broken up into simple substances ; this 
opens up tlie interesting physiological possibility that the suckling 
infant is able to digest its protein nutriment even if pepsin and 
trypsin are absent. 

Tlie succus entericus possesses the power of converting disaccha- 
rides into monosaccharides. TJiis power it owes to three enzymes. 
Invertase or sucrase is the enzyme which inverts and hydrolyses 
sucrose or cane-sugar — that is, it converts sucrose into glucose 
and fructose. The original term “inversion” has already been 
explained. It has been extended to include the similar hydrolysis 
of other disaccharides, although there may be no formation of hevo- 
rotatory sul)stances. The enzyme in the juice which converts 
maltose into glucose is called maltase ; and that which acts upon 
lactose is called lactase. 

The secretion of the intestinal juice is brought about by the 
presence of the intestinal contents which cause mechanical stimula- 
tion and chemical stimulation. The various products of digestion 
such as dextrins, soaps and proteoses are particularly efficient excitants 
if placed in isolated intestinal loops. Secretin and histamine, if 
injected into the blood-stream, cause a marked secretion ; indeed if 
secretin is administered to a fasting animal, the mixture of pancreatic 
and intestinal juice secreted is so powerful, having no food to act 
upon, that it will produce erosion and inflammation of the intestinal 
wall. (Starling.) 

The })rcsence of pancreatic juic'-e (jauscs the intestine to secrete 
enterokinase. 

The bile, as we shall find, has little or no digestive action by 
itself, but combined with pancreatic juice it assists the latter in all 
its actions. This is true for the digestion of starch and of protein, 
but most markedly so for the digestion of fat. 

Bile has also an important action in stimulating pancreatic 
secretion and in the absorption of fats. Occlusion of the bile- 
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duct by a gall-stone or by inilamination prevents bile entering the 
duodeniini. Under these conditions tlie bcees contain a large amount 
of undigested and digested fat wliicli has escaped absorption. 


General Aspects of Digestion. 

Tn our consideration of digestion we see that the occurrences in 
the alimentary canal are not a series of isolated phenomena. Each 
step follows in an orderly manne^ as the result of the previous steps. 
The product of salivary digestion, dextrin, causes gastric secretion f 
both are affected by mental states which also alfect gastric move- 
ments. -Idle food leaving the stomach sets up peristaltic waves 
in the duodenum and causes the pouring out of bile which in turn 
causes the absorption of secretin from the duodenal wall; the 
secretin is taken by the blood-stream to the pancreas, where it 
excites a flow of pancreatic juice; this juice arrives in the duodenum 
ready to act on starchy substances and on fat. With the assistance 
of the bile, fatty acid is liberated which in its turn forms more 
secretin, and so more pancreatic juice. The pancreatic juice, 
however, cannot act on proteins without enterokinase, which is 
supplied by the succus entericus ; this activates the trypsin. The 
trypsin and alkali with the assistance of erepsin effectively complete 
the proteolysis begun by the acid ainl pepsin of the stomach, while 
the inverting enzymes of the succus entericus complete the digestion 
of the carbohydrates. 
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CHAPTEK XXXI- 


SOME METHODS USED IN INVESTIGATING DIGESTIVE JUICES 

The following are important examples of methods commonly used; — 

To estimate Amylolytic Activity.— The most ty])ical of 
numerous methods employed in the investigation of the rate of 
starch digestion (by saliva, pancreatic amylaso, plant diastase, etc.) 
consists in the (letermination of the achromic point, that is, the 
moment when iodine ceases to give a colour, all the erythro-dextrin 
having been converted into achroo-dextrin and maltose. The mixture 
of starch solution and digestive fluid in known proportions is kept in 
a water-bath at constant temperature (40'^ C.). Every half minute or 
so a drop of the mixture is transferred with a glass rod to a drop of 
iodine solution on a testing slab. As long as starch is present the 
colour struck will be blue, tlien as erythro-dextrin appears the colour 
will be violet, and when all starch has gone, reddish-brown. This 
gradually gets fainter and fainter until finally tiie achromic point is 
reached. The time occupied from the start is noted. If this is done 
with the same quantity of saliva from different people a relative 
measure of the activity of their saliva is obtained. Lf it is done with 
different quantities of saliva from the same person, it will be found 
that the time occupied in reaching the achromic point is inversely 
proportional to the amount of saliva used. 

To estimate Activity of Lipase.^ — As before the digestive fluid 
containing the enzyme is mixed with the fat, and after incubation at 
the usual temperature for a given time, the amount of fatty acid 
liberated can be ascertained by titrating with a standard solution of 
alkali using phenolphthalein as indicatoi| the point of neutrality with 
this indicate^ being signalised by the appearance of a pink colour. 

To estimate Proteolytic Activity. — Here the methods are 
numerous, and may be divided into two categories : (a) those in 
which the rate of solution of a solid protein is used as an index 
of the action of the enzyme, as in Koaf’s and Mett’s methods, and 
(b) more complex methods in which the rate of action is ascertained 
by estimating the amount of the products (amino-acids) liberated. 

Roafs Method . — This is a modification of Grutzner’s method. 
Griitzner used fibrin stained with carmine, and when the fibrin is 
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digested the eanuine is set free, and from the depth of colour of the 
liquid the amount of fibrin digested can be estimated col ori metrically. 
The disadvantage of this method is tliat it can be used only for gastric 
juice, since wlien alkali is present the carmine is dissolved out by the 
alkali before digestion sets in. This was overcome by Koaf by using 
Congo-red instead of carmine. 

Metfs Method . — Tliis is now very ^ generally employed. Pieces of 
capillary glass-tubing of known length are filled with white of egg. 
This is set into a solid by heating to 95'' C. The tubes are then placed 
in the digestive fluid at 36° C., and the coagulated egg-white is digested. 
After a given time the tubes are removed ; and if the digestive process 
lias not gone too far, only a part of the little column of coagulated 
protidn will have disajipeared ; the length of the remaining column is 
easily measured, and the length that has been digested is a measure 
of the digestive strength of the fluid. 

Colour Tests for Gastric Acids. — Hyd/rochlorie acid is absent in 
some diseases of the stomacli, notably in cancer ; many colour tests 
for hydrochloric acid have l)een introduced from time to time, but by 
far the most characteristic and delicate is the following: — 

Tdpfer’s test. — A drop of dimethyl-amino-azo-benzene is spread 
in a thin film on a white plate. A drop of dilute hydrochloric acid 
(up to 1 in 10,000) strikes with this in the cold a bright red colour. 

Lactic acid is soluble in ether, and is generally detected by 
making an ethereal extract of the stomach contents, and evaporating 
the ether. If lactic acid is present in the residue it may be identified 
in the following way : — 

A solution of dilute ferric chloride and carbolic acid is made 
as follows: — 

10 c.c. of a 4-pcr-cent. solution of carbolic acid. 

20 c.c. of distilled water. 

1 drop of the liquor ferri perchloridi of the British Pharmacopoeia. 

On mixing a solution containing a mere trace (up to 1 part in 
10,000) of lactic acid with this violet solution, it is instantly turned 
yellow. Larger percentages of other acids (for instance, more than 
0’2 per cent, of hydrochloric acid) are necessary to decolorise the 
test solution, but they do not turn the solution yellow. 

Another colour test, that of Hopkins, is performed as follows : — 
5 c.c. of sulphuric acid and 3 drops of a saturated solution of copper 
sulphate are added to a few drops of lactic acid dissolved in alcohol. 
The mixture is placed in boiling water for five minutes, and then 
cooled ; 2 drops of 0'2 per cent, alcoholic solution of thiophene are 
then added; on replacing the tube in boiling water a cherry-red 
colour develops. 
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CHAPTER XXXI r 


THE AES01?PTI0N OF FOOD 

Food is digested in order that it may bo absorbed. It is absorlxid in 
order that it may bo assimilated, that is, become an integral ])art of 
the living material of the body. The digested food thus diminishes 
in quantity as it passes along the alimentary canal, and the fteces 
contain the undigested or indigestible residue. 

In the mouth and oesophagus the thickness of tlie epitludium and 
the quick passage of the foo(l tlirough these parts reduce absorption 
to a minimutn. Absorption takes place very slightly in the stomach. 
TIio most recent observations show that water is not absorbed 
in the stomach, but alcohol is absorbed to some extent. Salts 
also do not seem to be absorbed unless present in great concentra- 
tions, such as do not occur in normal diets ; sugar is absorbed with 
difficulty. The small intestine, with its folds and villi to increase its 
surface, is the great place for absorption. The superficial area of the 
small intestine, if laid flat, is about 1’5 square metres. This by 
the presence of the villi is increased to about 42 square metres. 
Absorption begins in the duodenum, and the products of digestion have 
largely disappeared by the time the intestinal contents reach the ileo- 
ca3cal valve at the commencement of the large intestine ; in the large 
intestine, absorption (mainly of water) occurs also, but to a less extent. 

Foods sucli as water and soluble salts like sodium chloride 
are absorbed unchanged. The organic foods “arc, Hib we ver, consider- 
ably changed, colloid materials such as starch and protein being 
converted respectively into the diffusible materials glucose and 
amino-acids. 

Absorption takes place particularly in the upper part of the small 
intestine. In the stomach there is none* — indeed water provokes 
a secretion. In the large intestine water particularly is absorbed. 

There are two channels of absorption, the blood-vessels (portal 
tributaries) and the lymphatic vessels or lacteals. In general terms, 
the proteins and carbohydrates are absorbed by the blood-vessels, 
and the fats by the lacteals. 

This formation of water-soluble, diffusible substances is not, 
however, the only significance of the breaking down of foodstuffs. 
It is also essential that these breakdown products should he non- 
spec'ific substances. The importance of this can be seen with proteins. 
Proteins of one species of animal are toxic if injected into the 

* Alcohol is, however, absorbed from the stomach, and probably prussic acid. 
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circulation of another species, and cause the production of specific 
antibodies. I’ut if the same protein is taken into the intestine, it is 
split up into non-specific and non-toxic amino-acids (or polypeptides). 
Such a destroying of the toxicity probably also occurs during the 
al)Rorption of fats. Fatty acids would be toxic if absorbed in very 
large amounts, and the resynthesis to neutral fat a])olishes this danger. 

A third significance of the breaking down of foodstuffs is closely 
related to the above. The body builds up from its food substances 
which are specific to the animal, and this is only possible if the food 
substances are first broken down to relatively simple molecules. 
The different plant and animal proteins which are eaten are broken 
down and built up again into the proteins which are specific to the 
sj^ecies. Similarly, fats are split up into different fatty acids, whicdi, 
after absorption, combine with glycjerol to form the specific fats of 
the animal, with characteristic composition in the different organs. 
TJiis formation of specific fats can, however, be intluenced by the 
nature of the fatty acids in the food. If excessive quantities of a 
cerhiin fat are fed, the nature of the fat of the reserve deposits will 
be altered. When such reserve fat is needed in metabolism, however, 
it changes into the normal specific fat before passing to the organs. 

Among the carbohydrates the di saccharides (sucrose, maltose and 
lactose) are diffusilile and can be absorbed as such, but are then 
passed through the body to a great extent unused. Normally, 
however, when not present in very great quantities, they are broken 
down into monosaccharides, which can be used as such by the body, 
or built up into glycogen, the characteristic carbohydrate of animals. 

Thus, in the intestine, the foodstuffs are converted into forms 
which are not only diffti.nhle, but also non-toxic, and capable of being 
nml directly by the organism or reacting to form the characteristic 
substances of the body. 

The form in which the substance is present in the intestine is of 
decisive importance for the question of al)sorption. Diffusion is only 
possible in aqueous or lipoid solution. The digestive processes partly 
produce easily diffusible substances, <?.//. amino-acids in protein digestion. 

Absorption of Carbohydrates. — ^We have seen in considering 
the various digestive juices that all the carbohydrates are hydrolysed 
to monosaccharides in the intestinal tract. For convenience these 
reactions may bo summarised : — 

Starch -> dextrins -> maltose g-Iucose 

(by ptyalin of saliva and amylase (by maltase of succus 
of pancreatic juice). entcricus). 

Cane-Sugar glucose and fructose (by invertase of succus entericus). 
Lactose glucose and galactose (by lactase of succus entericus). 

When, however, the blood is examined it is found that glucose 
only is present normally, since fructose and galactose are converted 
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into glucose by the liver. This is, indeed, made the basis of the 
fructose (hevulose) test for liver efficiency. A normal man is con- 
sidered to be a])le to transform 100 grammes of fructose without any 
appearing in the urine. It is interesting to observe that considerable 
differences exist in the ease with which the different monosaccharides 
are absorbed, thus slmwiiig a selective action on the part of tl^ intestine. 
For example, gluci.*!^^^ more easily absorbed than xylose, although 
the latter has a smaller molecule. This is in direct conflict with 
physical laws and can only be explained as a result of vital action on 
the part of the cells. 

The low sugars are absorbed from any concentration with a 
velocity which represents the greatest possible permeability of the 
mucosal membrane for molecules of this size. For sugars which are 
not selc(;tively absorbed, such quantities could only diffuse from 
extremely high concentrations (Verzflr). 

According to Verzar this activity process is (connected with a 
phos])horylation* of these two sugars, which occurs after their diffusion 
into the mucosal cells. Through the constant transformation of the 
diffusing substance the diffusion gradient is kept high, and this 
synthesis finally a(ds by increasing the diffusion ])rocess, and Iiem^e 
the velocity of absorption. 

It has been found that this process of phosjdiorylation, and with 
it the selectivity of sugar absorption, can bo inhibited by monoiodo- 
acetic acid and other substances which inhibit plios])horylation 
(through influencing certain cell processes wliich finally lead to 
phosphorylation). The extirpation of the adrenals also iidiibits tlie 
selective absorption of glucose (V(5rzar). 

If any disaccharide such as lactose is injected into the blood, it is 
excreted by the kidney as a foreign substance. 

Absorption of Protein. — We have seen in relation to digestion 
that the j)roteins of the diet arc hydrolysed to amino-acids by various 
enzymes. Tfie steps ni.ay conveniently be summarised thus : — 

Protein 

'I 

Acid meta-protein. 

^ or Alkali meta-protein. 

(By the action of alkali 

and trypsin of the pan- Proteose, 
creatic juice as.sisted Y 
by enterokinase.) ] Peptone. 

(By the alkali and 
erep.sin of the succus Polypeptide, 
entericus.) 

, Amino-acids. 


* The term “phosphorylation” is given to the formation of phosphorus- 
containing compounds. (See Chemistry of Muscle Contraction.) 


(By the acid and pepsin 
of the gastric juice. ) 
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The final vStage may actually take place within tlie epithelial 
cells of the intestine itself. It is also interesting to observe that, 
although physiologically all protein is fully digested before absorption, 
in certain circumstances all protein need not be so hydrolysed before 
it is absorbed. Even in the absence of enzymes, the animaFs own 
serum placed in the intestine is absorbed, and to a lesser extent 
foreign proteins may bo absorbed. This fact is of considerable 
importance in practi(ial medicine, since otherwise normal ])ersons 
who are hypersensitive to certain proteins (such as those of eggs, 
lobster, or strawberries) may react violently and develop an attack 
of asthma or a severe rash if they take quite minute quantities of 
the protein to which they are hypersensitive. This indicates that 
s(jme absor])tion may take place before digestion is complete. How 
(exactly this happens is unknown. 

The normal course of events is that the main bulk of the food 
proteins are broken up into their constituent amino-acids, and it is 
in this form that they are absorbed. If an animal receives, instead 
of protein, the final cleavage products of pancreatic digestion, it 
continues to maintain its nitrogenous equilibrium; that is to say, 
the cells of the body are able to synthesise tissue-proteins from the 
fragments of the food proteins. 

It is somewhat difficult to find the amino-acids in the blood 
during absorption, for several reasons: (1) the absorption during 
any given time is slow, and the products are diluted with the whole 
volume of the blood ; (2) the presence of coagulable proteins in the 
blood in large quantity renders a search for the amino-acids difficult ; 
and (3) when the amino-acids get into the blood they do not 
accumulate there, but are rapidly removed by the cells of the 
tissues. In spite of these difficulties, Leathes, Howell, and, later, 
Eolin and others succeeded in demonstrating that during absorption 
the nou-protein (that is, the amino-acid) nitrogen of the blood 
increases. 

There is now definite evidence that the amino-acids are absorbed 
as such into the blood-stream, since they can be dialysed out of 
the blood by passing the blood through tubes composed of semi- 
permeable collodion membrane surrounded by saline solution. The 
diffusible substances, such as sugar aiid amino-acids, pass through 
the membrane into the saline and can bo estimated. Such an 
apparatus is AbcFs vivi-diffusion apparatus. It is composed of 
several such tubes in parallel inserted between the two cut ends 
of an artery (clotting being prevented by an anti-coagulant, such 
as leech extract). Ey this means it has been found that the 
amino-acids such as alanine and histidine may be recognised and it 
has been demonstrated that the amino-acid content of the blood 
increases after a protein meal. It is of interest that the individual 
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amino-acids are almost insoluble, but they increase the solu])ility 
of eacdi other veny markedly. 

Absorption of Fats. — If an animal is given s. fatty meal, killed, 
and sections of the intestine stained with (jsmic^ acid, it is seen 
(lig. 191) that the columnar epithelial cells become first hlled with 
fatty globules of varying size, which are generally larger near the 
free border. They are then 
transferred to the anueboid 
(jells of the lymphoid tissue 
beneath : these ultimately 
penetrate into the central 
lacteal, whefe they either 
disintegrate or discharge ^ 
their cargo into the lymph 
str(3am. The globules are 
by this time divided into 
very minute ones, the 
particulate basis of chyle 
and under tlie microsc(3pe 
these chylomicrons can be. 
estimated (Frazer). 

The great dithculty in t 
fat absorption is to explain 
how the fat first gets into 
the columnar epithelium. 

A central observation 
has been the work of Munk\) 
and, later, of Moore and f i<j. 191.— Section of tlio villu.s of a. rat killed during fat 
Kockwood, who showed that 

in the intestine fat may be ctrpusS. *’(e''s sTuST'^' disintegrating lymph- 
broken down into glycerol 

and fatty acids in which form or as soaps they may be absorbed ; 
preliminary emulsification is advantageous for the formation of these 
substances, but is not essential. 

According to Mellanby the emulsified fat can pass freely into 
the columnar cells of the villi without previous hydrolysis, for it 
has been observed that neutral fat emulsified with bile can be 
absorbed from the duodenum into the lacteals of animals in which 
both the pancreatic and bile ducts have been ligatured. Moreover, 
Frazer and Stewart have been able to stain neutral fats in the fat 
depots of the body after the administration of stained neutral fats 
but not after fatty acid and glycerol, while the addition of lipase 
to human diet reduces the amount of fat in the lilood. The 
main function of the lipase is considered to be the production of 
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a small aiuoiuit of hydrolysis of the fat, so that a small aDiount 
of soap is foniKMl. This soap still further facilitates omulsilicatiou, 
hut it is douhtful if soaps play much part in absorption as 
sucli, since when the intestine is acid as is usual (except for a 
short lens^tli below the entrance of the pancreatic duct) they 
cannot exist. 

According to Verzjir the fatty acids combino with the paired 
l)ile acids to form compounds, which arc not only water-soluble 
and diffusible, but also especially stable at the slightly acid 
re ae tion , Uie - in testine. 'This bile-fat complex is broken down 
again in the mucosal cell. The bile acids are adsorbed on to mucosal 
epithelium, so that they are able to dissolve a much greater quantity 
of fatty acids than in vitro. 

The fatty acid which is now in the cell combines with the 
glycerol, which is absorbed at the same time, to resynthesiso 
maitval fat. This s}nthesis passes througli an intermediate stage 
of phosphatide formation. The glycerol is phosphorylated and 
(combines with the fatty acids. Thus the diffusion gradient into 
the colls for the fatty acids is increased. The synthesis of neutral 
fat, via the formation of phosphatide, is therefore an accelerating 
factor in the absorption of fat, just as the phosphorylation of 
glufiose ac.^elerates the absorption of this sugar. Also this synthesis 
may prodiu'-e the specific fats of the body and render the fatty 
acids non-toxic. 

In the mucosal epithelium the phosphatide is transformed again 
into neutral fat ami (for the most part) apjxjars as such in the 
lymph. Signili(;aiit but varying amounts escape this traiisfonnation, 
and appear in the lyiiiph as phosphatide (lecithin), and so increase 
the lecithin content of the blood during fat absorption. There 
seems to be no dilliculty in ex})laining how the fat leaves the 
])lood-strcam again, since the capillary walls have a permeability 
comparable with artificial membranes through which a great part 
of the serum-fat can diffuse out (Yerzar). 

The intermediate synthesis of the fatty acids to pJiospholipoids 
can be inhibited by monoiodoacetic acid and by plilorrhizin, drugs 
which inliibit phosphorylation processes. Tat is then not absorbed, 
exce[)t for a slow diffusion of fatty acids through the intestine. 

In the same way the extirpation of the adrenals inhibits fat 
absorption, and the administration of adrenal cortex hormone 
(eucortone) restores the normal rate of absorption. 

The different views of Mellanby and Verzdr are not mutually 
exclusive as at first sight appears. There seems to be little doubt 
that the exact method of absorption of fat varies in different 
animals according to their habit of diet. It may be that the cells 
of the villi can exercise some selective action. 
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It seems most likely that both Idle and lipase play a)i importavt 
part in fat absorption in man, for excess of fat in the fmces is found 
both in pancreatic disease and in biliary obstruction. 

It has long been known that, if fat is given to an aniinal, only 
GO per cent, (am be recovered from the thoracic; duct into which 
all the lacteals pour their cliyle. The work of Frazer and Stewart 
now indicates that such fat as is digested passes into tin; portal 
blood - stream and thus the remaining 40 per cent, is accounted 
for. They suggest tliis partition may (letermine the utilisation and 
deposition of the fat. 

It has been suggested from observations on the tail of the 
tadpole that the leucocytes which we know are very active during 
digestion are concerned in fat transport since th(;y have Icecm seen 
loading and unloading. 

In the case of sterols there is also a sehxdive abs(jrpti( 3 n of 
cholesterol in (;omparison with other shirols. Tlu; proc(;ss is also an 
est(u-illcation (Verzar). 

Sin(;e alcohol is extremely solul)le in lipoids as W(dl as in water, 
there is every likelihood of a raiml abscjrption. Experience shows 
that a concentrated alcoholic solution is absorbed especially quickly 
from an empty stomach, and acts on the central nervous system 
in a few minutes, but food causes delay. 

The Nature of Absorption. 

The intestinal mucosa is essentially a semipermeable membrane 
which is permeable to water and crystalloids and is normally 
impermeable to colloids although, as we have seen in relation to 
proteins, foreign proteins may obtain access to tlie blood in very 
small quantities. Tlie major portion of absorption is tlien governed 
by the physico-chemical laws of diffusion, osmosis and filtration. 

The occurrence of diffusion and osmosis may readily be shown. 
Water is placed in a loop of intestine tied off with its blood Hup})ly 
intact. The water is absorbed into the blood. If, however, a 
strong salt solution is placed in the loop water is withdrawn from 
the blood into the loop. On the other hand, if some of the animal’s 
own serum is placed in the loop it is absorbed, showing that 
physical laws do not com 2 )letely explain absorption. 

Osmosis and diffusion may then be held to (explain the absorption 
of water and of solutions of a lower osmotic pressure than the 
blood. For solutions of greater concentration diffusion alone must 
be responsible. The very large area of the intestine with its villi 
and valvulse conniventes no doubt facilitates the process which 
would otherwise be slow and it is most probable that a further 
hastening of the process may occur as a result of a pumping 

Q 
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action of tlio villi wliich may suck into tliemselves during tlieir 
ndaxation. Tlio exact function of this pum])ijig action of the 
villi is uiiknowji, hut tlic fact that it takes ])1aco in that part of 
the intestiiKi where jihsorption is greatest and tliat the moveimuits 
ai’o iidhicnce^l like tliose of the gut generally suggest tliat the 
movements are probaldy intimately connected with absorption 
w]ii('.h must cei'tainly he liastened by such activity (Verzar). 

I low far tiltration (jther than tliat caused by the villi is concerned 
is dilhcult to decide, hut there seems good reason to believe that 
the contractions of the large intestine bring aliout a high hydrostatic 
pressure. No such rise in pressure has been demonstrated in the 
small intestine. 

A number of ])l]ysieal processes in II uence absur])tion less directly. 
Amongst these is surfai'o activity and emulsification or hydro- 
tr()])y by which insoluble substances such as fats become very 
linely subdivided and diirusible as a result of a greatly reduced 
surface action through the action of bile salts. Electric phenomena, 
ionic distribution, acidity, and changes in the colloidal state of the 
cells of the mucosa and of the food also have a considerable influence. 

A number of the phenomena concerned in absorption can, 
however, only be explained as being due to the vital activity of 
the cells themselves. Amongst those is the selective action we 
have already noted in I'egard to certain carbohydrates and the 
absorption of serum and it is dillicult to explain nervous and drug 
activity on any other than a vital basis. The necessity in absorption 
for the presence of calcium as shown by Maegee, and of oxygen 
even for the absorption of saline (llrodie) is also suggestive of 
the importance of vital activity. This is still further supported 
by the influence of vitamin 1) which is necessary for calcium 
al)sorption. It has been shown that if the mucosa is removed by 
fluoride, absorption ceases altogether, but since this does not always 
o(icur when the mucosa is otherwise removed the cessation may be 
attributed to damage to the surface of the gut. It can, however, 
be said that there are many points in relation to absorption in regard 
to which we havi; no knowledge. ^The great dilliculty in the study 
of the problem is the mraintenanee of the intestinal wall under 
controlled conditions without interfering with its vitality. 

The Eunctions of the Large Intestine. 

Those are mechanical, absorptive and excretory. 

The mechanical functions of the largo intestine comprise the 
storage of faices and their evacuation at due intervals. 

The large intestine absorbs chiefly water. On the average about 
600 c.c. of fluid contents pass the ileo-ciecal valve diem; from 
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this the nutritions substances have been for the most part absorbed 
by the small intestine. From this 500 c.c. the lart^e intestine 
absorbs about 400 c.c. of water, leaving 100 c.c. of heces; these 
figures are susceptible of conskhirable variation, notably in the 
pathological states of which diarrhma is a symptom, but it is to 
bo noted that the normal slow passage of 'the contents through 
tlie colon permits of considerable inspissation. If for any reason 
stagnation occurs, e.g. if the call to defaecation is neglected, the 
heces become dry and hard. Tliis is a common cause of clironic 
constipation. In addition to water the large intestine can absorl) 
salts; glucose and perhaps amino-acids. Thus saline fluid is slowly 
a])sorbod, and rectal administration of saline is a valuable means 
of treatment of post-operative sliock in which condition tliere is 
a reduction of circulating Idood volume. Since, however, tlie 
mucous membrane of tlie large intestine produces no digestive 
enzymes, proteins introduced into the rectum are not absorbed, 
since they are not digested. “Nutrient” enemata, tlierefore, 
are of little value to tlie patient who cannot take food ])y the 
normal channel ; they serve merely to nourish the l)acteria which 
abound in the colon. 

Various drugs are absorbed when injected into the rectum; a 
state of general anaesthesia can be induced in tliis way. 

The excretory activities of the large intestine cover a considerable 
range of substances, some idiysiological, tlie majority pharmacological. 
Normally iron, as sulphide, and calcium and magnesium as phosphates, 
leave the body by tliis route. The ratio of the amount of calcium 
and magnesium excreted by the bowel to that removed by the 
kidney depends on the quantity of acid radicals excreted by the 
latter. If acids are administered, more calcium and magnesium 
leave by the urine as soluble salts, whereas if there are fewer 
acid radicals in the food the amount of calcium and magnesium 
passing out as insoluble phosphates in the fieccs is increased. 

In ])rief, the large intestine may be regarded as the principal 
channel for the excretion of insoluble substances which could not 
easily be passed out by the kidneys. 

In many herbivora, viz. those in which the stomach is not 
complex, e g. the rabbit, bacterial activity occurring in the ciecum is 
important in dissolving the cellulose of the walls of the vegetable 
colls whjeh constitute their diet. Some of tho products of the 
decomposition of cellulose, and the liberated cell contents are then 
available for absorption. On the other hand, it has been pos.sil)lo 
to rear suitable animals on quite stmile food (after separation from 
the mother by Ciesarean section), and tho fceces of animals living 
in the Arctic regions is said to be free from bacteria. 

Normally the upper part of the intestine is sterilised by the 



484 


THE AT?SORPT[()N OF FOOD 


[CH. xxxir. 


action of tla^ acid of tlio stomach. Et is only when this acid is 
defu'icnt or the bacteria, very excessive in the food or water, that 
the small intestines lu^come infecd-ed. The fact that linids leave 
the stomacli rapidly accounts for the fact that milk and water are 
such admira1)le carriers of internal infection siicli as typhoid fever. 

To what extent the bacterial content of the large intestine is 
of economic value in man is difficult to determine. Some 
clinicians hold that an excess of bacteria in the faices is definitely 
harmful and certainly we have good reason to believe that this is 
so. At the same time the body is definitely protected from the 
invasion of bacteria from tlie large intestine. Barclay-Smith has 
emphasised the importance of the Peyer’s patches in the lower end 
of tlie ileum in protecting against bacterial spread upwards from tiie 
large intestine. The solitary follicles, also composed of lymphoid 
tissue, appear to play a similar important part in the large intestine 
as is seen by the fact that they take up pathological bacteria in 
disease, ejj. dysentery. 

The Chemistry of Bacterial Action. 

If an artiiicial pancreatic digiist is kept ^at ordinary room 
temperature the fluid very soon Jiecomes putnd, unless special 
precautions to exclude or kill bacteria are taken. It is often 
difficult to say where pancreatic action ends and bacterial action 
begins, as many of the bacteria that grow in the intestinal contents 
produce enzymes which act in the same way as the pancreatic 
juice. Some form sugar from starch, others peptones, and amino- 
acids from proteins, while others, again, break up fats. There are, 
however, certain actions that are entirely due to these putrefactive 
organisms. 

i. On carbohydrates. The most frequent fermentation set up 
is the lactic acid fermentation: this may go further and result in 
the formation of carbonic acid, Jiydrogen, and butyric acid. Cellulose 
is broken iip into carbonic acid and methane. This is the chief 
cause of the gases in the intestine, the amount of which is increased 
by coarse vegetal )le food. The vegetable food so acts by reducing 
the .aeffiity the...834^a and because it is liable to be insufficiently 
brokeifclaWll^’a^Ttd the starch in it escapes digestion. It has been 
shown by Knott that the IICl of the stomach normally assists this 
breakdown and that its absence is liable to increase fermentation. 
Sometimes the volume of carbohydrate taken, ejj, potatoes, is in excess 
of what can bo digested l)y the various diastases. Flatulence in 
]nan is commonly (jaused by such fermentation, but more commonly 
by air-swallowing with fluids. 

ii. On fats. In addition to acting like lipase, bacteria produce 
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lower acids (valeric, butyric, etc.). The formation of acid })roducts 
from fats and carbohydrates gives to the intestinal contents an 
acid reaction. Kesearch shows that the contents of the intestine 
become acid much higher up than was formerly supposed. These 
organic acids do not, however, hinder pancreatic digestion. 

iii. On proteins. Peptones, amino-acids, and ammonia are pro- 
duced ; but the enzymes of these putrefactive organisms have a 
specially powerful action in liberating substances having an evil 
odour, such as skatolo (C9H9N). Skatole originates from the indole 
radical of tryptophan, one of the amino-acids of protein. 

iv. On amino-acids. The most frequent change consists in the 
splitting off of carbonic acid from their COOH grou]), and the pro- 
duction of amines, as shown in the following examples; — 

(CH3),, CH . CHo. CH . NH^.COOH = (CH^%CU . CH.^. CH.>. NH^ + CO.^ 

(Leucinol [Iso-arnylarnine | 

0H.C9H4.CH2.CH.NH,.C00H=.0H.C(.H4.CH2.CH2.NH.^ + C02. 

ITyrosine.] [Uydroxyphenyl-etliylamme ] 


Such basic products if absorbed and not excreted by the kidney 
may produce harmful effects. Both the above produce a high blood- 
pressure, Their amount may be lessened by diminisliing the protein 
intake in the food. Another amine called histamine is similarly 
produced by a loss of CO2 from the amino-acid histidine. This 
causes a dilatation of capillaries (q.v.) (Dale and Eichards) which is 
associated with compensatory arterial constriction (McDowall). 
Whether this constriction is in some way responsible for the high 
blood-pressure which is associated with excessive meat eating is a 
matter of debate, but it may readily be that the compensatory 
constriction leads to hypertrophy and eventually to permanently 
increased peripheral resistance. 

Ammonia-producing organisms flourish best in the lower regions 
of the small intestine; the ammonia neutralises the organic acids 
produced higher* up. In the large intestine the contents may have 
an alkaline reaction. 

Sour milk has in past years been extolled not only as a useful 
food, but as a cure for many dyspeptic disorders. Although its 
efficacy in this direction has been much exaggerated, its usefulness 
in certain cases is explicable on the ground that the lactic acid 
bacillus, which is a harmless one in itself, possesses the power, 
when it is actively growing, of destroying other micro-organisms 
of a harmful kind. 

The faeces on an ordinary mixed diet contain comparatively 
little food residues, and a small quantity is excreted even during 
starvation. Voit and Hermann showed independently that an 
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intestinal leop which had been emptied and separated from the 
rest of the bowel contained, a few days later, material identical with 
fa3ces, and consisting of intestinal juice, desquamated epithelial 
cells, and bacteria. Tlie increase in tlie amount of ficces which 
occurs wlien fond is taken, even when tlie food is free from cellulose, 
is due to the mechanical and chemical stimulation which leads to 
an increase in tlie succus cntericus, and in tlie shedding of epithelial 
cells. Addition of protein to the diet makes practically no difference 
to tlie nitrogen in the fa*ces under normal conditions, 

Tlie addition of cellulose to the diet increases the bulk of the 
hcces, j)artly Ijooauso much of the cellulose is excreted unchanged, 
])artly because it stimulates the mucous membrane to secrete more 
succus entericus, and finally because the larger food residue favours 
the development of bacteria. On an average, from one-fifth to 
one-third (varying with the diet) of the weight of dried faices consists 
of bacteria. Straslmrger estimated that about 128,000,000,000,000 
bacteria arc evacuated in the fa'ces of a man every day. The vast 
majority of these are dead. 

AVhen cellulose is absent frimi the diet, the becos contain from 
65-75 per cent of water. 

TIic asli contains mainly calcium plio.spliatc, with small amounts of iron and 
magnesium. The ethereal extract coutams ehole-sterol, lecithin, fatty acids, soaiis, 
and a very small amount of neutral fat. The presence of excess of neutral fat 
indieates deficient pancresatic st'cretion, while cxticss split fat, i.e. fatty acids and 
soaps, is found in jaundice. The jirotcims arc chiefly mucin and nucleo-protein, 
and are derived not from the food but from the intestinal wall, or are contained 
in the bacteria; no doubt a large jiaiT of tlic eUiereal extract is also supplied 
by the bacteria. 

Cellulose is thus the only important constitueut of the food 
wliich is unaffected by tlie digestive juices, although a variable 
amount, which is largest in hcrhivoroiis animals, undergoes bacterial 
decom])ositioii. The presence of cellulose also interferes with the 
absorption of proteins, for tlio digestive juices have difficulty in 
penetrating the cellulose membranes of vegetable cells. Thus Voit 
found that 42 per cent, of the nitrogen in the food was lost in the 
fieces of a vegetarian. This is due solely to the cellulose and not 
to any diflerence in the digestibility of animal and vegetable 
proteins, for if vegetable food is finely subdivided, and then 
thoroughly cooked and softened, this loss is lessoned, and if 
vegetable protein is entirely freed from cellulose, it is as thoroughly 
absorbed as animal protein. 15 per cent, of the dry substance of 
green vegetables and brown bread, 20 per cent, of carrots and 
turnips, and a still larger amount of beans are lost in tlie bccal 
residue. 

The intestinal contents travel more rapidly when vegetables 
are present, for the indigestible cellulose stimulates peristalsis, and 
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therefore a large quantity of water escapes absorption in the colon. 
Thus on an ordinary mixed diet 35 grammes of dry sid^stance and 
100 grammes of water are daily excreted in the fa;ces, whereas on a 
vegetable diet the ([uantities are 75 and 2G0 grammes respectively. 

The fat in the becies is of some coiisid(n‘al)lo importance as 
an excess — provided, of course, that the consum})tion of fat has not 
been ex(;essive — indicates a faulty digestion or absorption of fats. 
This may result from lack of bile or pancreatic juice. It must be 
understood tliat a certain small amount is normal even on a fat-free 
diet or during starvation. 

The colour of the faeces is important clinically. They tend 
to be pale on a diet containing no red ineat and when there is 
excessive fat. A dark colour is produced by meat and by an 
excessive amount of bile such as occurs after magnesium sulphate. 
Sulphides are also dark. Black stools occur in luemorrhage 
especially from the iq)por part of the alinnmtary canal. Blood 
from the rectum or commonly from the bleeding piles or lissure at 
the anus is, however, bright red. 
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THE MEOHANICAIi rJlOOESSES OF DIOKSTJON 

Undeh this head we shall study the neuro-iuuseular iiiechanisiu of the 
alimentary eanal, whi(di has for its object the onward movement of 
the food, and its thorough admixture with the digestive juices. We 
sliall therefore have to consider mastication, deglutition, the move- 
ments of the stomach and intestines, defaieatioii, and vomiting. 


'JhiE Teeth. 

During the course of his life, man, in common with most (jther 
mammals, is provided with two sets of teeth; the first sot, called the 
temporary or milk-teetli, makes its appearance in infancy, and is 
in the course of a few years shed and replaced by the second or 
permanent set. 

The deciduous or milk-teeth are ten in number in each Jaw, 
namely, on either side from tlie middle line two incisors, one canine, 
and two deciduous molars, and are replaced by ten permanent teetli. 
The number of permanent tectli in each jaw is, however, increased to 
sixteen by the development of three molars on each side of the jaw, 
which are called the permanent or true molars. 

Structure of a Tooth. 

A tooth is generally described as possessing a crown, neck, and root. 

The crown is the portion which projects beyond the level of the 
gum. The neck is that constricted portion just below the crown 
which is embraced by the free edges of the gum ; and the root includes 
all below this. 

A tooth is found to be composed of a hard material, dentine or 
ivory, which is moulded around a central pul]:) cavity (fig. 192). 

The tooth-pulp is composed of loose connective tissue, blood-vessels, 
nerves, and large numbers of cells of varying sha})es ; on the surface 
in close connection with the dentine is a specialised layer of cells 
called odontoblasts, which are elongated columnar cells each with 
a large nucleus at the tapering end farthest from the dentine. 
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The dentine resembles bone in eheniieal contposition, but has only 10 percent, 
of water. It contains a vast number of minute tubes whit h connect with the 
pulp and winch contain the exquisitely sensitive nerve fibrils from a layer of stellate 
nerve -eel Is beneatli the odontoblasts (Mummery). 

The LIou(1-v(‘hs(^1b atul nerves enter the pulp through a small 
opening at tlio ajjieal extremity of eacli root The nerves terminate 
])y liraiichiiig into line hhrilhe whicli enter the tubes of the 
dentine. 

A layer of very hard calcareous matter, tJic enamel, cajis that 
part of the dentdno ,wliicli ]>rojects beyond the level of the gum. 


^ — > 
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Slieathing the portion of deidano wJiich is beneatli the level of the 
gum is a layiu’ of true bone, called tlio cement or crusta petrom. 

Enamel is the hardest tissue iii the body, and contains a minimum amount of 
orfi'anic material and less than 3 per cent, of water. It is made up of minute 
prisms of the same salts as those of bone, which .ire set on end and which fit on to 
the surface of the dentine. Some of the larger spaces between the jinsms com- 
municate with the dental tubules and it has been suggested that fluids may pass 
between the prisms. 


Mastication. 

The act of mastication is jterformed liy the biting and grinding 
movement of the lower range of tcetli against the u])])er. The simul- 
taneous movements of the tongue and cliceks assist partly by crushing 
the softer iiortions of th(i foo(l against the liard palate and gums, aud 
thus su])plement tlio action of the teeth/and partly by returning the 
morsels of food to the teeth again ami again, as they are squeezed 
out from between them, until they have been sufficiently chewed. 
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The act of mastication is much assisted by the saliva. 

Mastication is mucli more tlioroughly ])erformed by some animals 
than by others. Tims, dogs hardly chew their food at all, Init the 
oesophagus is ])rotccted from abrasion by a thick coating of very 
viscid saliva which lubricates the pieces of rough food. 

In vegetable feeders, on the other hand, insalivation is a much 
more important process. This is especially so in the ruminants ; in 
these animals, the grass, etc., taken, is hurriedly swallowed, and passes 
into the first compartment of their four-chambered stomach. liater 
on, it is returned to the mouth in small instalments for thorough 
mastication and insalivation ; this is the act of rumination, or 
“chewing the cud”; the food is then once more swallowed, and 
passes on to the digestive regions of the stomach. 

In man, mastication is also an im])ortant process, and in people 
who have lost their teeth severe dyspepsia is sometimes prodiuied, 
which can be cured by the use of artihidal teeth. 

Deglutition. 

When properly masticated, the food is transmitted in successive 
portions to the stomach by the act of deglutition or swallowing. 
This, for the purpose of description, may be divided into tAree acts. 
Ill the first, particles of food collected as a bolus are made to glide 
between the surface of the tongue and the palatine arch, till they 
have passed the anterior arch of the fauces; in the second, the 
morsel is carried through the pharynx ; and in the third, it reaches 
the stomach through the oesophagus. These three acts follow each 
other rapidly. (1) The first act is voluntary, although it is usually 
performed unconsciously ; the morsel of food when sulliciently 
masticated, is pressed between the tongue and palate, by the agency 
of the muscles of the former, in such a manner as to force it 
back to the entrance of the pharynx. (2) Tlie second act is the most 
complicated, because the food must go past the posterior orifice of 
the nose and the upper opening of the larynx without entering them. 
When it has been brought, by the first acT, between the anterior 
arches of the palate, it is moved onwards by the movement of the 
tongue backwards, and by the muscles of the anterior arches 
contracting on it and then behind it. The root of the tongue being 
retracted, the larynx is raised with the pharynx and carried forwards 
under the base of the tongue; the closure of the glottis is secured by 
the contraction of its own muscles : so that there is little danger of 
food passing into the larynx so long as its muscles can act freely. 
At the same time, the raising of the soft palate, so that its posterior 
edge touches the back wall of the pharynx, and the approximation 
of the sides of the posterior palatine arch, which move quickly 
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inw.ardn lik(i side funtaijjs, close the passage into the upper part 
of tlie pharynx and tlie posterior nares, and foriti an inclined plane, 
along the lunhu' surface of which the food descends; then the 
pharynx, raised up to receive it, in its turn contracts, and by the 
successive action of its three constrictors, the food is forced 
onwards into the uiso[)hagus. These reactions take place rejlexly 
from the stimulation by the food in the pharynx. This is shown 
by the fact that tlie rellox may be abolished by spraying the back 
of the throat with a local aiuesthetic. (8) Tn the third act, in 
which tlie food passes through the oesophagus, every part of that 
tube, as it receives the morsel and is dilated by it, is stimulated 
to contract; hence an undulatory or peridaltic contraction of the 
ccso})hagus occurs. Tf we suppose the bolus to be at one particular 
place in the tube, it acts stimulatingly on the circular inusclc- 
libres behind it, and inhibitingly on those in front ; the contraction 
therefore squeezes it into the dilated portion of the tube in front, 
where the same process is repeated, and this travels along the whole 
length of the tube. The second and third parts of the act of 
deglutition are involuntary. The action of these parts is more 
rapid than peristalsis usually is. Tliis is due to the large amount 
of striated muscular tissue present. It serves the useful purpose 
of getting the bolus as quickly as possible past the opening of the 
respiratory tract. 

The swallowing of both solids and liquids is a muscular act, and 
can, therefore, take place in o])position to the force of gravity. 
Thus, horses and many other animals habitually drink against 
gravity, and the same feat can be performed by jugglers. 

In swallowing liquids in the ordinary way, however, the 
mechanism is a diherent one ; the two mylo-hyoid muscles 
form a diaphragm below the anterior part of the mouth. The 
stylo-glossi draw the tongue backwards and elevate its base; the 
two liyo-glossi act with these, pulling the tongue backwards 
and downwards. The action of these muscles resembles that 
of a force-pump projecting the mass of fluid down into the 
oesophagus ; it reaches the cardiac orifice with great speed, and the 
pharyngeal and (nsophageal muscles do not contract on it at all, 
but are inhibited during the passage of the fluid through them. 
(Kronecker.) 

This is proved in a striking way in cases of poisoning by 
corrosive substances, such as oil of vitriol; the mouth and tongue 
are scarred and burnt, but the pharynx and oesophagus escape 
serious injury, so rapidly does the fluid pass along them ; the cardiac 
orifice of the stomach is the next place to show the effects of the 
corrosive. Kronecikcr’s view has also been confirmed in man by 
the X-ray method. 
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Neroons Mechaw'ism . — The iierves engaged in the veil ex act of 
deglutition are : — 

Sensory: branches of tlie trigeminal nerve supplying the soft 
palate and tongue; glosso-pliaryngeal, supplying the tongue and 
pharynx ; the superior laryngeal branch of the vagus, suj^plying the 
epiglottis and the glottis. Tlic motor fibres concerned are : branches 
of the trigeminal, supplying ])art of the digastric and mylo-hyoid 
muscles, and the muscles of mastication; the bulbar part of the 
accessory through the pharyngeal plexus, supplying the levator 
/palati, probably by rootlets which are glosso-])haryngeal in origin ; 
the glosso-pharyngeal and vagus, and possibly the bulbar part of 
the accessory, supplying the muscles of the pharynx through the 
pharyngeal plexus ; the vagus, in virtue of its accessory roots, 
supplying the muscles of the larynx through the inferior laryngeal 
branch; and the hypo-glossal, the muscles of the tongue. The 
nerve-centres by which the muscles are harmonised in their action 
are situated in the medulla oblongata. 

Stimulation of the vagi gives rise to peristalsis of the (esophagus. 
The cell -stations of these fibres are in the ganglion trunci vagL 
Division of both vagus nerves produces paralysis of the cesojdiagus 
and stcmiach. 

In discussing peristalsis on a previous occasion, wo have 
already stated that it is a rhythmic movement of smooth muscle 
rather than of nerve; though normally it is controlhid and influenced 
by nervous agency. This nervous control is especially marked in tlio 
oesophagus; for if that tube is divided across, leaving the nerve 
branches intact, a wave of contraction will travel from one end to the 
other across the cut. 

Peristalsis. — This is the movement by which the contents of many 
tubes throughout the body arc moved on. It consists essentially of 
a progressive wave of contraction which is ])rec{Mled by a wave of 
relaxation. This may readily be observed if the abdomen of an 
amnsthetised animal is opened under warm saline. The movejiients 
continue if a piece of the gut is kept in a bath of oxygenated warm 
Einger’s solution. They are set going if a suitable object is placed 
in the lumen of the gut to stretch its wall. The normal stimulus 
to such movements, therefore, we may consider to be the material 
within the intestine. In the lower end of the gut th(‘. undigested 
cellulose of the food must become the chief stimulus ; hence the 
importance of eating fruit and vegetables which add to the 
undigestible bulk of the food. We have already noted that the 
best stimulus to smooth muscle is stretching. As Starling showed, 
however, a mere pinch of the intestine will cause a typical peristaltic 
wave to pass downwards. The initial wave of relaxation may be 
shown by placing in the lumen a small balloon attached to a 
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tiUlibuur. N^oriiially, tlu', ])f3ristaUic wavos are C()-or<liiiaie(l like 
Uiose W(5 liav(‘- r(ifeiTe(l to in tlie cnsoj)lia^us. Tlie eo-ordination is 
('-oiisi(ler(}d to be (dTcM^ted tlirongli Auerbaeli’s plexus of iku'Vcs, wliicdi 
lies l)otAvoon tluj two niusele coats. Yaiiasi Found that tlie intestinal 
ninsc.le of the embryo giiimai-pig will contracd when directly stimu- 
lated but will not do so spontaneously until the })lexus of Auerbach 
has been developed. 

Perist.alsis may be iiillucnced chemically. Drugs given for the 
relief of diarrlux'a or constipation act in various ways ; some affect the 
amount of secretion, and thus increase or decrease the Iluidity of the 
intestinal contents ; others act on the muscular tissue or its nerves 
and so induenco the amount of ])eristalsis. Organic acids, includiug 
the amino-acids, i[)roduccd during digestion, will increase peristalsis. 
The ])ile has a similar actioji, but only on the large intestine; various 
oils act in the same way; certain gase:;s also, but here again the 
mechanical effect of distension is a factor to be reckoned with. 
A vegetable diet stimulates peristalsis, ])artly for mechanical 
reasons — the presence of indigestible cellulose and formation 
of gas — ])artly for a chemical reason, namely, the production of 
organic aedds. 

The rliytlimical power of the iuh^stine is Ijcst developed in the 
up])er part whore the contractions are nuudi more rapid than in 
the lower. In the lo\V(u* ])arts, however, the ('contractions are greater. 
According to Alvarez these diilerences (Dpend mi differences in the 
metabolism of the muscles/of the different parts. 

Movements of the vStomaoh. 

The gastric fluid is assisted in accomplishing its share in digestion 
by the movements of tlie stomach. The inoveniouts of the stomach 
have been studied by three main methods. Wo may study the 
behaviour of isolated stri])s or we may pass down the oesophagus 
balloons conn(3Cted to tamliours which register changes in j)rcssure. 
By far the most inqiorlant results have, however, resulted by the 
X-ray metliod introduced liy Cannon. The individual or animal 
swallows food mixed with bismuth subnitrate or an insoluble barium 
salt which imiders the gastric (M)ntents opaque to the rays. 

In man, the method has been particularly used by Hurst and 
it is observed that the fundus and body of the stomach are relatively 
inactive and adajit themselves to the size of the contents; they 
display wliat may bo described as postural tone. Small peristaltic 
waves are seen to cmiimencc high up in tlie body, and when they 
reach the incisura angu laris they become more marked till in the 
jiyloric region they are so active that the term pyloric mill has 
been applied to this region (the pyloric antrum). The waves are 
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the waves as it wore waft the food to tlio pylorus, i.e., the food does 
not travel so fast as the waves. 

The pylorus opens when the antral peristaltic waves reaiOi it, 
hut it may remain closed if the food is not siiitahlo, if too acid food 
reaches the duodenum, if the sympathetic is very active or the 
pylorus unduly irritable. Waves in tlie duodenum corresponding 
to those in the antrum take on the food. Tlie suggestion of 
Cannon, that the pylorus opens when the stomach contents are acid 
and the duodenal contents alkaline, no longcn* appears to refer to the 
normal exit of food from the stomach, but to the reversed peristalsis 


CH. 

^mmonly at intervals of 20 seconds and are often 
nuttincr bismuth pellets into the stomacli it has beei 



Fio. 108.— (a) View of tlio empty stomficli itt vertical position; (b) stomacli as seen soon afti>r a 
bismntl\ meal; note the constriction <hin to peristaltic waves at tlio pyloric end; (c) view of lilled 
stomach in vortical position. (After Hurst.) 


which occurs when the stomach is empty. It is abundantly proven 
that the gastric contents may leave the stomach normally even 
when alkaline. 

Experiments sliow that it has been demonstrated by recording 
the movements of isolated strips of stomach wall in Einger’s 
solution that the pro])orty of rliythmie movement of the pyloric 
canal is a property of the stomach wall itself and not due to 
any central connection, and that similarly the property of tone 
is best developed to the fundus. . Hypertonic meals delay emptying 
(MeSwiney and Spurrell). 

In severe physical or mental stress the pylorus may fail to 
open (a condition called by Hurst achalasia) and the individual 
may experience pain (indigestion) as a result of the pyloric canal 
attempting to force food through the closed sphincter. Older 
physiologists had observed that if dogs were hunted iinrnediately 
after being fed the food did not leave the stomach. Hence the 
desirability of not taking a large meal before a strenuous game. 
It has also been shown that apparently trifling exercise or stress 
may delay gastric emptying, and that much benefit accrues from 
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relaxation in pleasant company. These points are of groat 
im])ortan(jo in the treatment of indigestion. What has heen 
said in relation to the conditions which fa(*ilitate gastric secretion 
ap})lics, therc'iore, to gastric movement also (Pembrey). 

At the n])])er end of tlie stomach is nsnally seen an air-pocket, 
which may become increased in size and press on the heart. 


Vomiting. 

The act of vomiting is preceded by a feeling of nausea, and the 
swallowing (jf a large quantity of saliva. The expulsion of the con- 
tents of the stomach, like that of mucus or other matter from the 
lungs in cowjhing, is preceded by an inspiration ; the glottis is then 
closed, and immediately afterwards the abdominal muscles strongly 
act; but here occurs the difference in the two actions. Instead 
fd the vocal cords yielding to the action of the abdominal muscles, 
they Ruiiain tightly elos(Ml. Thus the diaphragm, being unable to 
go u]), forms an unyielding surface against which the stomach can 
be pressed. At the same time the cardiac sphincter being relaxed, 
and the orifice which it naturally guards being dilated, while the 
2)'//Iorus is closed, and the stomach itself also contracting, the action 
of the abdominal muscles expels the contents of the organ through 
the cesopliagus, pharynx, and mouth. 

Tt has been fre([uently stated that the stomach itself is quite 
passive/ during vomiting, and that the expulsion of its contents is 
effected , solely by the pressure exerted upon it when the capacity of 
the abdomen is diminished by the contraction of the diaphragm, and 
subsequently of the abdominal muscles. The experiments and 
iibservations, however, which are supposed to conllrin this state- 
ment, only show that the contraction of the abdominal muscles alone 
is sullicient to exjiel matters from an unresisting bag through 
the (esophagus ; and that, under certain conditions, the stomach by 
itself cannot expel its contents. They by no means show that in 
ordinary vomiting the stomach is passive, and there are good reasons 
for believing the contrary. In some cases of violent vomiting the 
contents of the duodenum are passed by anti-peristalsis into the 
stomach, and are then vomited. Where there is obstruction to the 
intestine, as in straugulateci hernia, the total contents of the small 
intestine may be vomited. 

Nervous Mecluinisui . — Some few persons possess the power of 
vomiting at will, or the power may be acquired by effort and practice. 
But normally the aetion is a reflex one. 

The afferent nerves are principally the trigeminal, and glosso- 
pharyngeal (as in vomiting produced by tickling the fauces), and 
the vagus (as in vomiting produced by gastric irritants) ; but 
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vomiting may occur from stimulation of other sensory nerves, c.g., 
those from the kidney, uterus, testicle, etc. Tlie medullary centres 
may also be stimulated by impressions frtaii the cerebrum and 
cerebellum, producing the so-called central vomiting which occurs 
in diseases of those parts. 

The efferent (motor) impulses are carried by the vagi to the 
stomach, liy the phrenics to the diajihragm, and by various other 
spinal nerves to the abdominal muscles. 

Emetic !^. — Most emetics produce vomiting by irritating the 
stomach; some, such as apomorphiue, by stimulating the medullary 
centres. 

Movements of the Small Intestine. 

It is doubtful if intestinal peristalsis is ever so intense as that 
in the ceso])hagus which is more under the control of the central 
nervous system. Aijcording to Alvarez the pn^ceding wave of 
relaxation is a])sent and the movements consist of rapid rushes. 

Our knowledge of the intestinal movements rests, first, on 
observations made on the ex])osed intestines when the abdomen is 
opened ; secondly, they may be studied under more artilicial 
conditions by taking a length of intestine from a freshly killed 
animal and placdng it in a warm bath of oxygenated Hinger’s 
solution; and thirdly, the most valuable method of all is to study 
the movements in the intact animal by the X-ray method, as in the 
work of Cannon and of Hurst. 

The object of these movements is to force the contents along the 
tube, and thoroughly to mix them with the digestive juices. 

The most important movement is peristalsis, su(;h as has been 
already described in relation to the oesophagus (]>. 493). Its rate, 
however, is generally slower, but varies very much from 1 cm. per 
minute to 35 cm. ]>er second. The length of the wave also varies. 
It may only travel a short distance or may sweep throughout the 
whole length of the intestine. The more rapid waves are known 
as the peristaltic rush and may be initiated by taking food into 
the stomach and especially hot iluid. 

TJie pendulum movements consist of slight waves of contraction 
affecting both muscular coats, and these are rapidly propagated 
at the rate of 2 to 5 cnis. per second. They cause a movement 
of the intestine from side to side, and occur at regular intervals 
of five or six seconds. They are not efficacious in moving the 
contents onwards, but they bring about a very thorough mixing 
of the contents. 

Cannon also observed by the X-ray method in dogs and cats 
segmental movements. They are very regular and constant. 
A dark shadow, due to the bismuth in the food administered, is at 
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one moment of a certain length like a short sausage; it then 
constricts in tlie (;entrc, ami divides into two; eacdi half divides 
again ; then the two central segments join together, and tliis 
re})oats itself every few seconds. In man, JIurst timed the rate, 
and found it occurred about ten times in a minute and a half. This 
frequent division and subdivision not only ensures admixture with the 
juices, but brings every ])orti()n in turn in contact with the absorbing 
muco\is mem])ranc, and favours the How of chyle and blood. 

After a lusmutli meal, the sliado\>^ap])cars in the caunim three 
and a half to five hours after the fooYl is taken. The average time is 
four and a lialf hours. Tlie movements are greatest at the upper 
end of the alimentary canal where, according to Alvarez, nieta])olism 
is most active. In this region the digestive processes are most 
active and most juices arc added to the food. 

The pendulum movements dilh^r from true peristalsis in being 
inyogejiic ; that is, they are due to the I'hythmicality of the muscle- 
fibres themselves, and are propagated from one muscle-fibre to 
another. They are not abolished by cocaine or nicotine (Starling). 

In addition to the movements of the intestine as a whole the 
villi exercise a pumping action and the muscularis mucosa relaxes 
during active digestion. The muscularis mucosa is caused to contract 
])y adrenaline, but exact value of the contraction of this muscle 
is not known. 


]\IOVEMENTS OF THE LaiIGE INTESTINE. 

We have seen that in man the food begins to arrive in the 
cnecuni four and a half hours after it reaches the stomach ; when it 
arrives in the ciccum it contains 90 per cent, of water, together with 
a small amount of the unabsorbed products of digestion of proteins, 
fats, and carbohydrates. During its passage along the large intestine 
these are absorbed, and most absorption appears to occur in the 
ciccuni ; the normal firm consistency of the faices, vdiich contain 
75 per cent, of water, is not finally attained until they arrive in the 
pelvic colon, where they are retained until dehccation takes place. 

Peristalsis in the colon occurs much more slowly than in the 
small intestine, and the accompanying diagram gives the time in 
hours after the taking of a bismuth meal that the shadow a 2 )pear 8 at 
various points in man. It will be noted that the movement of the 
contents of the large intestine is slow comj^ared with that of the 
small intestine, indeed, the rate may be less than a foot 23or hour. 
ITiese observations were made in the daytime ; during sleej) the rate 
of ])rogrcss may be slower. Sometimes a mass peristalsis occurs. It 
begins at the hepatic flexure and carries all before it. It may be 
initiated by taking food into the stomach or by emotional influences. 
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Si]iiilar inlliieiices affect the con tractions of the lower end of tlie 
ileum and normally bring about relaxation of the ilco-ce'('al valve, 
i G. the (/astro- Ueai rejicx. The ca^auim itself is remarkably inert. In 
the herbivora it is an important seat of tluj bacterial decomposition 
of cellulose. 

Eegurgitation is elfectually ])revented into the small intestine 
partly l3y the ileo-cmcal valve, and mainly by a strong band of circular 
muscle-fibres called the ileo-iaecal sphincter; this is normally kept 



Kn. 1‘H - S«mi-(li.aHiaminaf,ic vi('\v of Uio iiilosLino ; tlio li^urcs gno in hours tlio .uoia^ni times 
alter taking a nical that its di'bns leaches the \anons jiarts (lliiist ) I’liis di.igrani shows tlie 
traiihM'rse colon in a higliei position than it occupies when tlie man ns erect, and t.ithci higher 
than the a\erage (non in tlie horizontal position 

ill a state of tonic contraction l)y inpiulses carried by the splanclmic 
nerve; it is relaxe<l when this nerve js cut, and then the contents 
of the two intestines mix freely (T. E. Elliott). 

Defaecation. 

The rectum is a short tube about 4 or 5 inches long in man, 
and is normally empty until immediately before defmeation. In 
a person of regular habits, a glass of water on rising, and the 
taking of breakfast, if attended by mental quiet, com])ine to produce 
peristalsis of the colon, so that a small quantity of fieces enters the 
rectum, and produces the desire to defalcate. This is known as 
the gastro-colic reJJex. At the end of the rectum is the anal canal, 
closed by a strong internal sphincter (a thickening of the involuntary 
circular fibres of the muscular coat), and liy the external sphincter, 
wliicji is a voluntary muscle made of transversely striated fibres. 
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The “call to doficcatioii ” having been thus produced, the act 
itself is started by the iinuease in intra-a])do]niiial pressure luought 
about by the voluntary contraction of the abdoniinal wall, the 
diaphragm and the levator ani. The diaphragm is kept down by deep 
inspirations, followed }>y closure of the glottis; this depresses the 
colon, so that the shadow of its transverse portion and the Hexures 
may be lowered as much as 2 inches. The transverse colon may 
not rise to its normal position until even an hour has elapsed 
from the act of straining during defalcation. Accompanying the 
action of these voluntary muscles, the whole colon from the cjccum 
onwards enters into powerful ])eristalsis ; the contents of the 
transverse colon are thus forced into the descending colon, from 
whi(di they are evacuated together with the fax^^es already ])r(;scnt 
between the splenic Ilexure and the anus. The entrance of more 
f:eces into the rectum until they reach the anal (;anal irritates afferent 
nerves in the wall of the rectum; the nerv^e impulses so generated 
pass to a centre or centres in the liimho-sam’al region of the spinal 
cord, where efferent impulses are set in action upon which depend 
the reflex acts required to complete the ]>rocess; these are: — 

1 Strong peristalsis of the whole colon. 

2. Continued contraction of the abdominal muscles. 

3. Kelaxation of both the anal sphincters and of the levator ani. 

The last traces of ficccs arc expelled by voluntary contractions of 
the levator ani. 

If the call to dehciuition is resisted, the desire soon jiasses away, 
and may not recur until the next regular period arrives for the 
opening of the bowels, twenty-four hours later. Tt seems likely 
that a reverse peristalsis may occur in the lower colon when hard 
masses of ficces are present. This is suggested by the fact that a 
foreign body (an egg-cup inserted to arrest bleeding from piles) has 
been known to travel up to the splenic flexure wlience it was removed 
surgically. Neglect is one of the commonest causes of constipation, 
for the retained f;eces continue to lose water, and get harder, and 
more diflicult to exj)el. Constipation is a possible cause of many, 
according to some of the majority, of human ailments. There is, 
how(!ver, evidence' that mere distension of the rectum and colon 
may bring about some of the symptoms commonly attributiid to 
constipation (Alvarez). 

The terminal portion of the large intestine like the rest of 
the gut has an* intrinsic nervous plexus and shows peristaltic 
movement. When the rectum contracts the internal anal sphincter 
relaxes (R. G. Garrey). This reciprocal movenumt as in other parts 
of the intestine can occur after severance of all connections between 
the colon and the sacral region of the spinal cord. Normally this 
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expulsive movement of the colon is augmented by a spinal reflex of 
which the allerent and ctferent ])aths are in the sacral nerves (Oarroy). 
In addition the colon and nMjtiim is inhibited by the sympathetic 
which inhibits the gut and causes (contraction of the internal 
anal sphincter. Excessive sympathetic action (or delicient para- 
sympathetic action) may lead to a severe form of constipation which 
can bo relieved by sectioji of the sympathetic nerves. 

The voluntary muscles concermcd in defaccation, namely, the 
external anal sphincter and the levator aui, are supplied by the 
fourth sacral nerve, which arises from nerve-cells in the conus 
medullaris of the spinal cord. If the lower part of the spinal cord is 
destroyed, defaccation still occurs but it is an unconscious act, and 
the reflex is imperfectly execut(Ml, simce, as we sliall soic, the para- 
sympathetic control is interfered with, the destruction of the conus 
medullaris prevents the normal reflexes taking place in which the 
levator ani and external sphincter are concerned, and the paralysis 
of these voluntary muscles may lead to incontinence of hrees. 

We thus see that the lowermost portion of the alimentary canal 
resembles its uppermost portion (pharyjix and oesophagus) in being 
more under external nervous control than is the small intestine. 
Autonomy at the rectal and anal portion is for obvious reasons 
undesirable. 

The Nervous Control of the Alimentary Canal. 

We have already seen in relation to peristalsis that such 
movement is imhipendent of external nerves. The activity of the 
alimentary canal is brought into relation witli the gimeral require- 
ments of the body by means of two sets of n(;rves. The sympathetic 
and the parasympathetic (vagus and imrvi erigentes). 

The Sympathetic suj)ply leave^/he spinal cord by the anterior 
roots of the spinal nerves. Tho^, for the stomach h^ave by the 
iifth to the eighth thcu’acic roots! and iiave their cell stations in tlie 
cceliac ganglia, which th^ reach by the splanchnic nerves ; those 
for the small intestine by the sixth thoracic to first lumbar roots, 
but do not synapse until tluiy reach — hy way also of the splanchnic 
nerves — the superior mesenteric ganglion ; those hu the largo 
intestine by the lower thoracic roots pass down the sympathetic 
chain to the lesser splanchnic nerves and eventually synapse in the 
inferior mesenteric ganglion, thence they pass by the colonic nerves 
to the colon, and by the hypogastric nerves to the rectum and anal 
sphincter. The eventual (listribution of the nerves i3 with the larger 
arteries. 

The Parasympathetic. — The upper jmrt of the alimentdry canal 
is su2)plied by the vagi nerves, as far as the middle of the transverse 
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colrni, and ih(3 large intestine downwards dy tlie nervi erigentes or 
pelvic n(;rv(‘s, winch arise fioiii the second, tliird, and fonrtli sacral 
n(5rves. Tliese are all })r(3-gangl ionic fibres wlnddi synapse in ganglia 
in the inh^stinal wall, as may be shown Ijy the action of id('otine, 



Fk.. 195 - Oi.igi.un of the lujrve supply ot llio inte>,Uno (alter C. J. Hiii) Described in 


which, if painted on the intestine, paralyses vagal but not sympathetic 
action. 

Local Distribution of Nerves (fig. 105). — In the intestinal wall 
there are two largo interconnected nerve plexuses, one submucous, 
Meissners (Pl.s.m.), and one between the two muscle layers, AuerbacKs 
(Pl.m.) The exact relationship of these plexuses has recently been 
reinvestigated by (J. J. Hill, who has concluded that they are 
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essentially parasyinpatlietic, being concerned in the ultimate distri- 
bution of the vagus fibres which we have noted synapse in the 
ganglia of the jilexuses. Eroin the ganglia, post-ganglionic fibres 
pass to the muscle layers and to a dense sul)e 2 nthelial plexus which 
supplies the villi and glands. The vagal fibres have little or no 
connection with blood-vessels. Et is to be understood that tlio 
so-called plexuses are composed essentially of neurones and are not 
a nerve network. 

Ell addition to tliese parasympatlietic plexuses Miss Hill lias 
shown the presence of sympathetic plexuses, one intramusmilar, h’om 
which the muscle cells are su])])lied, and one suhserous, which 
su])plies the serous coat and is probably sensory in function. Minor 
differences occur in dilferent regions of the gut. Unlike the para- 
sympatladic, the sympathetic fibres are closely bound up with the 
vessels of the part. 

The FuncUon of the Symjyathetic is generally inhibitory to the 
movements of the alimentary canal, with the ex(Jcption of the 
sj)hincters and the muscularis mucosa, whicli are constricted. The 
latter are also c(justri(5ted by adrenaline, the great sympathetic 
stimulant. Stimulation of the sympatludic or adrenaline causes 
inhibition of a piece of isolated iiibjstine contracting rhythmically ; 
indeed use is made of this in the biological assay of adrenaline, 
l^xcitation of tlit) sym[)athetic also causes constriction of the blood- 
vessels of the gut. 

Et may be assumed that the effect of pain, anger, and severe 
muscular activity in bringing about inhibition of the gut is exerted 
through the sympatludac, like the cardiac; acceleiatnm (;aused by 
similar states. 

Function of the Parasynipatlietic . — This appears to bo augmentor 
and, as we have seen in relation to gastric; juice, "'^secretory. The 
actual effect, for example, of stimulation of the vagus on the stomach 
has been shown by McCrea to dejiend on the state of the organ at 
the time. If it is full, the stomach is contracted, but if empty, 
it is relaxc;d. Ef the int(;stine is contracting, stimulation of the 
vagus brings about a bric;f inhibition, and subsequently marked 
augmentation, which is caused also by the action of acetyl choline 
and pilocarpine, the great parasympathetic stimulants, on isolated 
intestine. 

The action of the parasym])atheti(; normally is most marked during 
rest, espec;ially that following active muscular exercise, which also 
fac;ilitatos theactiemof the colon by toning up the abdominal muscles. 

The pumping action of the villi ajipears to be under the control 
of Meissner’s plexus (Verzdr). 

Occasionally, especially after the prolonged use of strong 
purgatives, the large intestine, especially the descending colon, 
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becoirios tli(^ scat of acute and V(ny painful spasm. Tliis appears 
to be partly vagal in origin for it is relieved by a large dose of 
atropines. 

The reverse' sonudimes occurs and the colon dilates to a large 
size and redains enormous ([uantities of feeces. The condition is 
roli(;ved by se^ction of the sympathetic su[)[)ly (Ivearnioiith). 

The movements of the intestine appear to be both increased 
and (leejreased l)y emotional states. Tt would seem that fear, anger, 
and exercise diminish inh'stinal activity at first, l)ut that exercise 
is followed by increased intestinal activity as it is followed by 
increased vagal restraint of the heart. An emotion due to a 
circumstance over which the individual is powerless may have the 
effect of producing a mass ])eristalsis and evacuation of the bowels 
as if the sympathetic was temporarily tlirown out of action. 
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OHAPTEK XXXIV 

INTERMEDIATE METABOLISM 

1'he word vietffholism has been often employed in the precetling 
cliapters, and, as there explained, it is used to express the sum total 
of the chemical exchanges that occur in living tissues. 

The living body is always giving off by the lungs, kidneys, and 
skin tlie ])roducts of its combustion, and is thus always tending to 
lose weight. This loss is compensated for by the intake of food and 
of oxygen. Eor the material it loses, it receives in exchange fresh 
suhstancos. If, as in a normal adult, the income is exactly equal to 
the expenditure, the body-weight remains constant. If, as in a 
growing child, the income exceeds the expenditure, the body gains 
weight; and if, as in febrile conditions, or during starvation, the 
expenditure exceeds the income, the body wastes. 

'Jlie different parts of the body have very different compositions ; 
still, speaking of the body as a whole, Volkmann and Bischoff state 
that it contains 64 per cent, of water, 16 of proteins, 14 of fat, 5 of 
salt, and 1 of carbohydrates. Tlie carbohydrates are thus the smallest 
constituent of the body ; they are the glycogen of the liver and 
muscles, and small quantities of glucose in various parts. 

The most important, liecause the most abundant of the tissues 
of the body, is the muscular tissue. Muscle forms about 42 per 
cent, of the body-weight,* and contains, in round numbers, 75 
per cent, of water and 21 per cent, of proteins ; thus about half 
the protein material and water of the body exists in its muscles. 

The body, however, does not remain in a stable condition ; even 
while nutrition is occurring, destructive changes are taking place 
simultaneously ; each cell may be considered to bo in a state of 
unstable equilibrium, undergoing anabolic, or constructive, processes 
on the one hand, and destructive, or laitaholic, processes on the 
other. 

The two sides of metabolism may be compared by means of a 

* The following is in round numbers the percentage proportion of the diiferent 
structural elements of the body; skeleton, 16; muscles, 42; fat, 18; viscera, 9; 
skin, 8 ; brain, 2 ; blood, 5. 

607 
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balance-sheet, and the necessary data for the construction of such a 
comparison are : — 

(1) The weiglit of the animal before, during, and after the 
experiment. 

(2) The quantity and composition of its food. 

(3) The amount of oxygen absorbed during respiration. 

(4) The quantity and composition of urine, fieces, sweat, and 
expired air. 

(5) The amount of work done, and the amount of heat developed. 

Water is determined by subtracting the amount of water ingested 

as food from the quantity lost by bowels, urine, lungs, and skin. 
The dilference is a measure of the katabolism of hydrogen. 

Nitrogen . — The nitrogen is derived from proteins, and appears 
cliiehy in the urine. Smaller quantities are eliminated in tlie sweat and 
heces. From the amount of nitrogen so found, the amount of proteins 
wliich have undergone katabolism is calculated. Proteins contain, 
roughly, IGqjer cent, of nitrogen ; so 1 part of nitrogen is equivalent to 
6 '25 parts of protein ; or 1 gramme of nitrogen to 30 grammes of flesh. 

Fat and Carhohydrate . — Subtract the carbon in the katabolised pro- 
tein (protein contains 54 pei cent, of carbon) from the total carbon 
eliminated by lungs, skin, bowels, and kidneys, and the difference 
represents fat and carbohydrate which have undergone katabolism. 

Y 

Balance of Income and Expenditure in Health. 

Tables have already been given of adequate diets ; these will in 
our balance-sheet represent the sources of income ; the other side 
of the balance-sheet, the expenditure, consists of tlie excretions. 

We may select as our example a typical table of this daily 
exchange of material on an ordinary diet from the work of Petten- 
kofer and Voit. In the first experiment the man did no work. 


Income. 


Expenditure j 

Food. 

Nitrogen, 
in gin-. 

Carbon. 

in gins 

1 

1 Excretions. 

N itrogeii 
in gms 

Carbon, 
in gins. 

Water 
in gms. 

Protein 137 grns. 
Fat . 117 „ i 
Carbohy- 
drate 352 „ 
Water . 2016 ,, 

yi9'5 

315-5 ' 

l| 

1 Urine . 
Faeee.s . | 
Expired 
air 

17-4 

2-1 ^ 

12-7 

14-5 

248-6 

1279 

83 

828 



; 


__ ^ 

19-5 1 

275-8 

2190 


Here the body was in nitrogenous ecpii librium, and it eliminated 
more water than it took in by 174 grammes, this being derived from 
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oxidation of hydrogen. It stored 397 grammes of ear])on, wliieh is 
equivalent to 52 grammes of fat. 

Tlie next table gives the results of an experiment on tlie same man 
on the same diet, l)ut who did active muscular work during the day : — 


Kxpcnihluro 

N itro^on 

farluin 

VVatdr 

Urine .... 

17*4 

12 6 

1194 

Faeces . 

2 1 

14 T) 

94 

Fxpired air 

19*5 

‘.m -2 

1412 

2700 


It is important to notice that the discharge of nitrogen was 
unaltered, while that of both cjirlxm and hydrogen was imu’eased. 
At one time })rot(!in was considered to he the great source of 
muscular emngy ; this was first disproved by an historical ex})eriment 
made by hick and Wisluxmus ojj themselves in their ascent of the 
Faulhorn. Fhe body is most economical in referenc.e to protein waste, 
and any incrc‘-ase in nitrogenous katabolism whic.h oc(nirs during 
muscular work is insignificant. 

The l)alance-sheet method of investigation, though one of great 
usefulness, tells us very little of the details whicli lead to the 
end-results. We must therefore proceed to study the details, and 
we may most conveniently consider the question under the three 
headings of the principal food materials, namely, carbohydrates, fats, 
and proteins. 

Metabolism of Carbohydrates. 

In plants, carbohydrates are synthesised by the agency of chloro- 
phyll from the simple materials carbonic acid and water, which form 
their chief foods. The first substance formed is probably formic alde- 
hyde, II . CHO (which is the simplest carbohydrate known), and 
this by condensation is converted into sugar, and finally, into 
starch. We have no clear evidence that a synthesis of this kind 
ever takes place in animals, the main source of animal carbohydrate 
being vegetable carbohydra^ 

We have seen that thewore complex carbohydrates are broken 
down to monosaccharides in digestion. By salivary digestion and 
the amylase of the pancreatic juice, starch is hydrolysed to maltose, 
which is further converted into glucose by the maltase of intestinal 
juice. Cane-sugar is inverted by invertase to glucose and fructose 
while lactose is broken down into glucose and galactose by lactase. 

These monosaccharides are absorbed into the blood-stream, 
but they are rapidly, for the most part, converted into glucose, 
probably by the liver. In excess they are rapidly excreted by the 
kidney as abnormal substances. We may then consider glucose as 
the current carbohydrate coin of the body. 
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The utilisation of Sugar. — The sugar may be utilised in three 
ways : it may bo stored as glycogen, in which form it is readily 
available for reconversion into glucose; or as fat, which is a more 
concentrated form of storage; or it may be used as fuel in the 
organs of the body, es])ecially the muscles, whose requirements 
are most variable. It appears, however, that glucose cannot be 
utilised for any of these purposes without the co-operation of the 
internal secu'etion produced by the pancreas and known as insulin, 
the action of which will be dealt with further below. 

(1) The Formation of Glymjen, — Glycogen, or animal starch, is 
stored especially in tJie liver. Glycogen is also stored in the muscles, 
but here storage is different for it is no longer generally * available 
and is reduced during muscular activity only (Cori). It is a poly- 
saccharide, but is much less stable than vegetable starch. Its 
character and preparation have been given. Its presence in the 
liver colls may be demonstrated histologically (rod colour with 
iodine), formally it is produced when an animal is fed on a diet 
rich in carbohydrates, but a small quantity may be formed on a ])rotein 
diet. It is possible that fat may bo a soure.e of glycogen (Pavy). 
The exact mode of its formation is, however, not known. On the 
other hand, if the animal fasts the liver glycogen is rapidly roduced.f 
The storage of glycogen takes place particularly during the night 
when the animal is resting. 

(2) The Formation of Fat. — That fat can be formed from carbo- 
hydrates was definitely proved by the well-known experiment of 
Lawes and Gilbert, in 1852, on the fattening of pigs by feeding 
them with barley. This transformation has never boon accomplished 
outside the body and its possibility was at first denied by chemists. 
How the long chains of the fat are linked together from the 
shorter carbohydrate chains is difficult to see. Micro-organisms can 
accomplish the change of lactic aciil into such fatty acids as acetic, 
butyric and caproic ; boiling with alkali brings about a similar 
reaction. The most recent view is that pyruvic acid or acetic 
aldehyde may be the intermediate state, but all we can say is 
that the change probably takes place in the liver. 

(3) Utilisation of Carbohydrates as Fuel. — The essential facts 
were discovered by Fletcher and Hopkins in 1907, but the details 
of these changes are liy no means certain. These have' already been 
discussed in relation to the Chemistry of Muscle Contraction. A 
considerable amount of evidence has accumulated to the effect that 
before carbon dioxide and water are formed there is an intermediate 


^ AdrenHline may cause muscle glycogen to be converted into lactic acid, hence 
it may be reconverted into liver glycogen (Cori). 

) It never absolutely disappears in starvation, but may be caused to do so by 
strychnine convulsions or phloridzin. 



CH. XXXIV.] THE PANCREAS AND CARBOHYDRATE METABOLISM 511 


stage of liexose phosphate. In support of this view, it is found, for 
example, that the addition of j)hosphate to minced muscle causes all 
the glycogen stoi^o and even added glycogen and glucose to be 
converted into lactic acid. Such a substance as hexose phosphate is 
found in tlie muscle juice and can be converted into lactic acid and 
phosphate, and these are found in ecpiivalent amounts. Substances, 
e.(j. arsenitos, wliich hasten the decom])Osition of hexose diphosphate 
in yeast fermentation, hasten the oxygon consumption and lactic acid 
formation in muscle. It is known, also, that muscular work increases 
the amount of pliosphate excreted. 

The stages by which carbohydrates are considered by some to 
lie liroken down into CO., and water, are as follows: — 

Glucose Pynivic acid CH^. CO. COOII 

I r- ' + 

i Acetaldehyde Clh . CHO 

Dihydroxy acetone CH,(OH)CO . CH,(OH) j | 

' Acetic iu id Cn, COOII 

^ " J I- 

Lactic acid CH j . CHOH . COOH Carbon dioxide and water 

CO, HoO 

It is known that most tissues contain enzymes, which can break 
down keto-acids generally. These stages, especially the pyruvic acid 
stage, are important as they may bo common points in the breakdown 
or synthesis of carliohydrates, fats, and proteins. 

The Relation of the Pancreas to Carbohydrate Metabolism. 

The fact that the pancreas was related to carbohydrate metab- 
olism was first demonstrated by Minkowski and von Mering in 
1889, who removed the pancreas of dogs. It was observed that 
the dogs licked their urine and this led to the discovery of the 
presence of glucose in the excretion; further, that the glycosuria 
did not develop if a small piece of pancreas was transplanted under 
the skin and that otherwise total removal of the pancreas results 
in death in a few weeks. A year later Schultze showed that mere 
tying or blocking of the pancreatic duct did not produce such 
symptoms, which soon became recognised as the same condition as 
diabetes mellitus in man, in which the pancreas was known often to 
be diseased. These experiments led to the discovery that the 
islets of Langerhans which, unlike tlie ordinary acinar cells, do not 
degenerate when the ducts are tied, produced a substance which 
controlled carbohydrate metabolism. This substance was called in 
advance by Sharpey- Schafer insulin. 

The Preparation of Insulin. — ^he knowledge of the subject 
remained almost stationary for thirty years, although spasmodic 
unsuccessful attempts were made to make extracts of pancreas, 
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which would allcviah^ tlie coiiditioii of dia])f3teK, until Banting 
and Ids colleague Ik'st demonstrated ('.oiudnsively that there was a 
/substance in the })ancreas which (;ould cause the glycosuria to 
disappear, hut tlmt the a(divity <d’ extracts was usually destroyed 
by the pamneatie trypsin, j They found it ])ossible to make potent 
extracts from the pancreas of fcetal calves in which trypsin was not 
yet formed and from animals in whicli the trypsin-jDroducing cells 
had been caused to degenerate hy previously tying the duct. 

Su])sc(piently it was realised that trypsin is insoluble in 
50 per cent, alcohol, and this was the basis of the original 
method of extraction. Extracts are now made with cold alkaline 
alcohol or by grinding up the pancreas with solid })icric acid which 
precipitates the protein and insulin and redissolviug the latter with 
acetone. (Collip; Dudley; Dodds and Dickens.) Insulin is now 
used extensively in the treatment of diabetes. Thus out of the 
early experiments, carried out on animals in the cause of pure 
science, an enormous benefit has been conferred on mankind. 

The Nature of Insulin Action. — We have seen that insulin 
facilitates the oxidation of carbohydrates. It has also been shown, 
by Hawley and Murlin, that the oxidation of sugar is markedly 
increased, although, during the first hour, in insulin hypoglyctemia 
the sugar is apparently built up into some other substance. 
Exactly what happems to the glucose under the action of insulin 
has })oen shown by the experiments of Best, Dale, Hoot, and 
Marks, who perfused for a long period a glucose solution, plus 
insulin, through the vessels of an animal in which the alimentary 
canal and its associated glands including the liver, had been re- 
moved. Tliey found that all the glucose which had disappeared could 
be accounted for by oxidation or by increase of muscle glycogen. 

We may, then, look u])on the action of insulin as increasing 
the activity of tissues in relation to carbohydrate, whatever that 
action may be. Thus it facilitates the ])uilding of glycogen by 
the liver and muscle and its utilisation by the muscle. When the 
blood sugar is high in a diabetic the injection of insulin causes, 
therefore, glycogen to be built up in the liver, but by facilitating 
glucose usage in the enormous mass of body muscle it may cause 
the blood sugar to fall l)elow normal and the liver glycogen is then 
reduced to maintain the normal blood sugar level. The intimate 
nature of the action of insulin is still a problem. 

HypoglycBBmia * (Low Blood Sugar). — If insulin is injected into 
a normal animal (or in excess into a diabetic animal) tlie blood sugar 
falls. When the blood sugar of rabbits has fallen to 0'04 per cent., 
convulsions ensue and are a warning of imminent death; but this 

* Cases have been recently described in which the hypoglycaemia was due to 
a local overgrowth (adenoma) of the islet tissue of the pancreas. 
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level is not usually reached unless the animal has hccn starved for 
twenty-four hours to get rid of the glycogen store. The atamlardisa- 
tion of insulin was originally carried out hy determining how much 
insulin was required to lower the blood sugar to this level in a 
starved rabbit of 2 kilos. Tt is now standardised by com})aring 
the activity of the unknown sample with that of a standard sample 
agreed upon by a League of Nations Conmiittee. Since we know 
that oxygen is a constant requirement of the body, especially of 
the nerve tissues, and that such oxygen is required to burn carbo- 
hydrate, it is reasonable to assume that failure of the fuel supply 
will stop essential metabolism, affecting the nervous system which 
does not store fuel, and eventually causing unconsciousness and 
deatli from respiratory failure. 

In man, a similar state occurs, but it is commonly initiated 
by hunger, sweating, loss of emotional control (imrasympathetic 
activity?), faintness, and lassitude. Complete recovery, however, 
occurs when glucose, adrenaline, or pituitary extract is injected. 
Since pituitary extract does not cause a marked hyperglycaunia, 
its action appears to be rather an antagonism of the insulin than 
a mobilisation of glucose, such as is produced by adrenaline. 

Hypoglycremia and increased sugar tolerance are common in 
some forms of pituitary disease, presumably as a result of the 
absence of this antagonising action. 

The Mechanism of Insulin Secretion. — There is evidence that, 
just as the external secretion is controlled by the vagus, so also is 
the internal secretion. Stimulation of the j)eriphcral end of the 
vagus, the injection of pilocarpine or of alkali (which has many 
other actions like that of the parasympathetic) all cause a fall of 
blood sugar. In order to demonstrate this, liowever, it is necessary 
to paralyse the sympathetic with ergotoxine (Clark), or to stimulate 
tlie sympathetic previously to a maximum. These facts suggest that 
whatever the nature of insulin action it acts during the time when the 
imrasympathetic is most active, i.e. during physical and mental rest. 
Of some significance may be the fact that when a diabetic is in the 
habit of taking exercise, less insulin is necessary, and we know that 
in the intervals between exercise there is often increased parasympa- 
thetic activity. It appears that insulin is normally circulating in the 
blood, since the transfusion of normal blood brings about a lessening 
of blood sugar in a diabetic, and its presence normally in the 
tissues is indicated by the fact that there is less blood sugar in 
the venous than in the arterial blood. This is not so in the diabetic 
(Lawrence). 

There is evidence also that the ingestion of carbohydrate causes 
an outpouring of insulin. If a quantity of glucose (100 gms.) is 
administered to an individual there is a rise of blood sugar which 

R 
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is followed 1)y a fall bcdow the resting level. ^ i\t this stage a 
sn]>se([n(‘ni siinilar dose of glucose nia}^ not cause the blood sugar 
to iis(*. 

The Maintenance of the Blood Sugar Level. 

The Blood Sugar. — This term is given to tlie glucose ])resent in 
the blood {ind the amount depends on the balance between the amount 
of sugar being absorbed and that being utilised, stored, or lost. 
Kormall^^ it does not sink below the level 0*08 to OT per cent, 
nor rise above 018 per cent. After a meal, when glucose is being 
absorbed, the higher level is reached, and the lower during fasting. A 
normal individual should, however, be able to consume 150-200 gms. 
of glucose without any appearing in the urine (i.e., the normal sugar 
tolerance). 

lUHtimatioji of Blood Siujar . — Tlie method of McTxaii whi(di is 
much used consists in principle in the precipitation and removal of 
the protein by heat and colloidal iron. The liltrate is boiled with 
alkaline co^^per salt solution containing also potassium iodide and 
iodate. The sugar reduces the copper which is re-oxidised by the 
iodine. The determination by titration with sodium thiosulpliate 
of the iodine used gives the amount of copper reduced and thus of 
the glucose ])resent. 

if there is excessive utilisation of glucose by the muscles, or the 
blood sugar falls from any other cause, the body calls on its reserve 
of carbohydrate, stored in the form of glycogen, to maintain the 
blood sugar level. 

Hyperglyceemia (Idigh Blood Sugar). — This occurs whenever the 
amount of sugar absorbed is in excess of that utilised or stored, and 
may bo produced in a large variety of ways. It occurs, as we have 
seen, if the pancreas is out of action and the carbohydrate utilisation 
is reduced, if excessively large quantities of carbohydrate are eaten or 
when more sugar is mobilised than is actually used. This latter 
hyperglycemia dei)ends on the presence of a glycogen -laden liver. 

Glycosuria. — This results whenever there is a hyperglycemia, 
i.e. above the renal threshold 0'18 per cent. For the excretion of 
the sugar a large amount of water is necessary, the glycosuria is 
therefore accompanied by a polyuria (increased production of urine). 
A few otherwise normal persons have a so-called renal glycosuria, 
because of a lowered renal threshold, but the condition is not serious. 
Experimentally, this threshold can be lowered by the injection of 
])hloridzin. This glucoside acts apparently by impairing the normal 
function of the kidney, since, if the kidneys are tied off, the blood 
sugar instead of falling rises. Also, if the substance is injected into 

* It has also been shown by Glen that the venous blood of a dog injected with 
glucose will reduce the blood sugar of another dog. 
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one renal artery, sugar appears first in the urine of the same side, 
thus showing the local action of the drug on the kidney. Asa result 
of the fall of blood sugar the glycogen of the liver is depleted and 
later sugar is made from protein to keep up the blood sugar. 

The Mobilisation of Glucose. — It has long been known that the 
amount of glycogen in a muscle diminishes if it is made to contract, 
and that immediately after severe exercise the blood sugar is high, 
and there may even be glycosuria. Further, it is found that in 
severe muscular work the respiratory quotient over the total period 
of the work is unity, indicating that carbohydrate has been 
consumed. Tt is, therefore, to be expected that a mechanism for the 
rapid mobilisation of glucose exists and, indeed, much of the older 
work in relation to glycosuria, as we now realise, supports this view. 

The essential facts were first made out by Claude Bernard, who 
demonstrated that sugar could be formed by the liver, in the absence 
of recent feeding of that substance. He found, for example, that 
if he washed through the liver vessels with water to remove all the 
pre-formed sugar, after the lapse of a few hours sugar reappeared. 
Ho rightly concluded that there is in the liver a substance from 
which glucose could readily be formed. This has been amply con- 
firmed by the work of Mann and Magath who have shown that 
many procedures which cause an incr(‘ase in blood sugar, e.g. the 
production of asphyxia or the injection of adreiialine, fail to do so if 
the liver has be<Ri previously removed. 

This mobilisation of glucose, accompanied by the reduction of liver 
glycogen, takes place not only in exercise, but also when a fall of 
blood sugar is produced exj)erimeiitally by the injection of insulin 
which, as we have seen, causes a transference of the sugar to the muscles. 
Once glycogen has been transferred to the muscles it apparently 
ceases to be available by any other organ, even in starvation (Cori). 

The actual glycogen oly sis, or glycogen breakdown, is a hydrolytic 
process, like the breakdown of starch, brought about through the 
agency of a diastatic enzyme, glycogenase,* the action of which is 
governed largely by the amount of the reacting substance present 
and by the hydrogen-ion concentration of the medium in which it 
acts. It is most active just on the acid side of neutrality. The 
enzyme may be looked upon as b^ing responsible for the breakdown 
of glycogen, which occurs rapidly at death, and as facilitating that 
which, as we shall see, occurs in asphyxia. 

The Mechanism of Mohilisation. — This has been investigated 
largely by studying the various procedures which cause hyper- 
glycemia and glycosuria. It might be expected from what has 
been said tliat the mobilisation is under syinpathetic control, and 

* This enzyme also may cause the building up of glycogen from glucose. See 
“Law of Mass Action.” 
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there is a certain amount of evidence to indicate this. This view 
would a})p(3ar to he supported by the classical experiments of Claude 
llernard, who found that puncture of the floor of the 4th ventricle 
resulted in glycosuria, and that this did ]iot occur if the nerve 
pathways between tliis jooint and the liver were cut. Unfortunately, 
these experiments tend to be complicated by interference with 
respiration and a fall of blood-pressure, whicli themselves affect tlie 
])lood sugar, and they are tlierefore not so conclusive as at first 
thought. 

Stimulation of the splanchnic and hepatic nerves also causes 
hyperglycauuia, hut ]\I‘Leod suggests that tins result is due to tlio 
stimulation of the suprarenal glands and the outpouring of 
adienaline, since he found that if these glands were remov^ed 
the hyporglycai]ni{i no longer occurred. On the other liand, it has 
been found that if the he])atic nerves are cut, splanchnic stimu- 
lation no longer causes liyperglycccmia, a fact wliich indicates 
intimate nervous influences. TJie exact control is, therefore, still 
a matter for decision. That tiie mobilisation of glucose is under 
sympathetic control appears certain and the view is supported by 
the fact that a very large number of conditions whi(di increase 
sympathetic activity generally cause hyperglyccemia. Of special 
importance is the action of adrenaline or extracts of the suprarenal 
gland, which, when injected, cause a hyperglyctemia by reducing the 
glycogen content of the liver. This do(3s not, however, occur after the 
in jection of ergotamine which paralyses the sympathetic. Asphyxia 
causes a similar liyperglycicinia, and any drug which depresses the 
resph'atory centre acts likewise. Similarly, sensory stimulation and, 
as wo have said, severe exercise cause Iiyperglyciemia. 

]\Iohilisation of glucose from the liver is facilitated by the action 
of the thyroid, as is seen by the fact that feeding with thyroid 
imu’cases the hyj^erglycaemia produced by adrenaline, and lessens 
the hyjioglyciemia caused by insulin. Hyperthyroidism in man 
produces hy]iorglyc 0 Bmia, and, as we shall see, so does increased 
activity of the posterior lobe of the pituitary body. 

'J’ho recent observation by Iloussay that hyperglycamiia does 
not occur if the x>iUiitary body is removed at the same time as 
the pancreas, suggests that this organ lias an intimate relation to 
sugar usage. 

Diabetes Mellitus.- — The term diabetes mellitus is given to disease 
of the pancreas, usually of the nature of a chronic inflammation which 
leads to a typical rediudion of capability to utilise carbohydrates, 
witli liyperglycauiiia and glycosuria as a result. Ex])erimentally, 
a similar result is produccil by removal of the ])an(U’eas. Since the 
subsequent removal of tlie liver causes a fall of blood sugar, even 
if the liver has been previously exhausted of glycogen by starvation 
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(Mann and Ma^^ath), we must assume that the liyperglyc?emia of 
diabetes is in part duo to an excessive action of the liver in forming 
sugar. A study of the ratio of dextrose to nitrogen excreted in the 
urine {D : N ratio) suggests that in the diabetic sugar is formed 
from protein. The necessity of getting rid of the excess of sugar 
in the blood brings about an excessive secretion of urine which, 
together with the fuel loss, leads to great thirst and appetite. 
There is at the same time greatly impaired vitality, with increased 
liability to infection. 

As a result of the faulty combustion of carbohydrates, fats are 
incompletely burnt, and the abnormal products formed give rise to 
an achhcmia or ketosis (see p. 521). In the treatment of diabetes 
glucose is commonly given with the insulin to prevent hypo- 
glycjcmia, but should the latter ensue it may at once be relieved by 
the administration of glucose, adrenaline, or pituitary extract. 

Metabolism of Pats. 

The chemistry of fats has already been considered. 

The Origin of Pats in the Body. — The fats in the body arise 
from two main sources, namely, the fat and also the carbohydrate 
of the diet. We have already referred, in relation to the metabolism 
of carbohydrate, to the classical experiment of Lawes and Gilbert, 
who demonstrated that pigs could bo fattened on a diet consisting 
chiefly of carbohydrate — barley. J'hey fouml that the fat formed 
was greatly in excess of the small quantities unavoidably given in 
the food, [t was considered by Volt and Pettenkoffer that, since 
they could fatten dogs on lean meat, fat was probably formed from 
protein, and on theoretical grounds this seems possible, since, as we 
know, the non-amino part of amino-acids may be utilised as fuel. 
At the time, the experiments were not accepted as conclusive, because 
the glycogen and fat of even lean meat had not been sufficiently 
considered. The more recent work of Atkinson, however, supports 
the earlier view, that smaller amounts of protein lead to an 
accumulation of glycogen and in exceptional circumstances feeding 
on large quantities of protein with water and salts may lead to an 
accumulation of fat as well. 

As we have seen in relation to digestion and absorption, fat 
is taken up by the villi as fatty acid and glycerol and according 
to some also as neutral fat. However absorbed it appears in the 
lac teals as neutral fat. Thence it passes by the thoracic duct 
to reach the left innominate vein. Only GO per cent, of the fat 
taken can, however, be recovered from the thoracic duct and no 
satisfactory account for the remainder has yet been offered. It 
may be stored locally, or may be absorbed into the blood. If the 
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latter, it irniat be removed at once, as the blood fat does not rise 
if the tliuracic duct is tied. 

The Blood Pat. — Like the blood sugar, the blood fat rises after 
a meal and may reacli a maximum of 2 per cent, al^out six hours 
later. A little later there is an increase of the lecithin and 
cholesterol of the blood. In disease, e.g. diabetes mellitus, in which 
fat metabolism is disordered, the blood fat may rise even to ten times 
the normal maximum. 

It has been suggested that lecitliin is formed from the blood 
fat and that it has a special importance in relation to the transport 
of fat in the body (Bloor). Jt would be well suited for this 
purpose, as it is the only non-toxic compound of the fatty acids 
which is miscible with water and is easily formed from fatty acids. 
The corpuscles of the blood contain more cholesterol and lecithin 
than the plasma, but it is not known what significance this fact 
may have. It has been suggested, from observations on the tail 
of the tadpole, that the leucocytes have some special function in 
fat transport, since they have been seen loading and unloading 
themselves. 

How the blood fat is controlled is not clear. It is maintained at 
its normal level in spite of complete starvation for many days, when 
the fall of the E.Q. iml urates that fats are the chief source of energy. 

The Utilisation of Pat. — The fat is burnt as fuel, or it is stored 
in the fat de})bts of the body. In the lactating mammal it is 
secreted in the milk. It is probable that lipide, possil)ly as 
lecithin, is an essential part of a large number of tissues, and even 
in death from starvation fat is never wholly absent from the 
tissues, formally, however, it is not apparent even on micro- 
scopic examination of thin sections, but becomes evident in the 
pathological state known as fatty degeneration. During lactation, 
some of the fat is secreted in the milk. A small proportion may 
be built up into the more complex phospho-lipides, or phospha tides. 
In modern teianinology, the term l^nde has been decided upon 
by convention to cover all sucli substances related to and iiicliiding 
the fats. These phospliorus-containing com})ounds are important 
in many cells of the body. The most important is probably lecithin, 
which contains fatty acids combined thus : — 

xstearic acid 
G]ycerol:^oleic acid 

\phosphoric acid 

I 

choline 


It is probably a constituent of all cell membranes and plays a part 
in permeability and surface phenomena. 
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The storage of fat takes place in the liver and in that variety 
of conne(dive tissiui known as adipose tissue wlii(di occurs specially 
below the skin and in the oineiituni ainl niesentcny; in the cells 
of adipose tissue the fat is piresent in the form of large droplets, 
lliiid at body temperature. These deposits are known as the fat depots. 

Normally the fat which is built up by an animal is pecidiar 
to that animal, but if it is starved and sulisetpiently fed on fat 
unusual to its diet, it may put on fat of another composition. 
The ddlerent fats can be readdy identified by their melting-points 
and their iodine values. 

When, therefore, an animal takes a fat different in com- 
position from its own fat, the appu’opriate fatty acids are added 
or taken away before the fat is deposited. We must presume, 
in the absence of more exact knowledge, that the additional fatty 
acids are specially made for this purpose from the carbohydrates 
of the diet. Munk further discovered the remarkable fact that if 
fatty acids are given as food the chyle contains fat, the glycerol 
having been added by the intestine. Only a limited amount of 
glycerol is, however, available for this purpose since if fatty acids 
are fed only part is absorbed. 'bhe fat which is made from 
carbohydrate is that peculiar to the animal. 

The normal neutral fat of the depots contains 95 per cent, of 
saturated fatty acids. The liver fat, on the other hand, is usually 
much more unsaturated than that of adipose tissue and this appears 
to be of special significance in the preparation of fat for final 
combustion (Leathes). 

In certain circumstances the liver fat may resemble that of 
the adipose tissues, and this is due to the infiltration of fat into 
the liver from the depots prior to its oxidation. 

This storage of fats in the depots is most important, as fat 
is a most economical form of fuel, or source of potential energy. 
The storage of 100 calories may be effected in a space of 12 c.c. 
of adipose tissue weighing 11 grammes, the storage of the same 
amount of potential energy jis gjy cogen is never elfecteil in less 
than ten times that bulk of liver tissue weighing 130 grammes, 
and rarely in less than double this amount. If the formula of 
a fat is compared with that of a carbohydrate, it will be observed 
that fat is relatively deficient in oxygen, and when it has to be 
burnt it requires more oxygon than a carbohydrate. Hence it is 
that a gramme of fat has a higher calorific value (9‘3) than carbo- 
hydrate (41) and that the burning of fat is accompanied by a 
lowering of the respiratory quotient. 

The fat which is stored is quite different from that which is part 
of the make-up of the cells themselves. The latter is not used up 
even in starvation but is kept available for muscular exercise. 
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The Oxidation of Pats. — Althonj^h we know that fats are 
ev(intually oxidised to earliou dioxide and water, tlie intermediate 
steps are as y(d ]»y no means certain. A considerable amount of 
evidence has, howevin', aeeumnlated to the elteet that the loiiL^ chain 
fatty aebls are first oxidised to small(;r chains. Thus caproic acid 
l)ecomi;s ljutyric acid, and so on until CO., and 11^0 are readied. 

d 

CH3 . CH2 . CH2 . CH^ . CH2 . COOM + 3 (>2 

= CH3 . CH.2 . CH2 . COOH + 2 CO2 + 2 H^O. 

We may indicate, as suggested by Knoop, the reactions wliich 
take place in the metabolism of butyric acid thus : — 

(.■i a 

dig CH2 CH2 COOH (butyric acid) 

(1) + O - dig CHOH CH. COOH (/i-liydroxybulyric) 

(2) -f O - (dig (X) (dl 2 (X)OH + n.^O (acclo-accLic or diacetic) 

(3) + -to - dig COOH -{- 2(X)2 + H20 (acetic) 

(1) 4-40- 2 CO 2 +H 2 O 

Although, liowcvor, this oxidation is shown occurring in stages 
it must be understood that the reactions all occur together. 

That the long chain loses two carbon atoms at once from the end 
where the COOH group is attached (j8-oxidation), is suggested by 
tlie following experiments. Advantage is taken of the fact that the 
body cannot break down the benzene ring. An artificial fatty acid 
containing this I'ing is made and administered to an animal. The 
fatty acid chosen may have an even or an odd number of carbon 
atoms ; one with an odd number is more completely oxidised than 
one with an even number, further oxidation being prevented by 
the formation of a stable end-product. Thus from a fat with an 
odd number, the end-product benzoic acid (CyllgCOOliyis produced; 
from a fat with an even number the substance phenyl acetic acid 
(CgHg . dig . COOH) is the end-product. The end-product in each 
instance combines with glycine to form liippuric and phenaceturic 
acid respectively and as such is recognisable in the urine. 

►Similarly, Embden and his co-workers have found that in a 
perfused isolated liver, more acetone is produced when fatty acids 
with an even number of carbon atoms are added to the blood than 
when one with an odd number is added. This can be explained 
if oxidation results in the removal of two carbon atoms at a time 
from the fatty acid. When only four carbon atoms are left, butyric 
acid is formed and this is known to give rise to acetone under tliese 
conditions, whereas propionic acid, which would be derived in the 
same way from an acid with an uneven number of carbon atoms, does 
not. Ill this connection it is of interest that the only fats which the 
body is called upon normally to metabolise have an even number. 
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It is interesting also to observe that Dakin has found that 
oxidation with hydrogen peroxide (which we know is im])ortant in 
biological oxidation) will bring about ^-oxidation in vitro* 

In addition to this type of oxidation it has been shown by 
Leathes and his co-workers that the liver may convert saturated acids 
into unsaturated ones (desaturation). This process removes two 
hydrogen atoms in the middle of the chain and makes it more easily 
split into two shorter chains. It thus renders them more liable to 
further oxidation and may represent a preliminary stage in the 
oxidation of fatty acids. 

Ketosis. — This condition, we have seen, may occur in diabetes 
mellitus as a result of faulty combustion of carbohydrates. In this 
condition the blood fat may rise to 20 per cent. When the four- 
carbon stage is reached (butyric acid) by successive oxidations in 
the ft position, the oxidation process appears to be more difficult and 
to (lepend in some way on the simultaneous combustion of carbo- 
hydrates. If the combustion is deficient as in diabetes, tlie oxidation 
of the butyric acid instead of proceeding completely to carbon dioxide 
and water stops or is delayed at the stages of /9-hydroxybutyric acid 
and diacetic acid. The latter, (JIT 3 . CO . CHg . COOH, readily loses 
CO.^ forming acetone CTI3 . CO . CII3 which gives the breath and urine 
the characteristic apple- like odour. 

The presence of acetone is not necessarily of serious significance, 
but the occurrence of diacetic acid indicates the probable presence 
also of ^-hydroxybutyric acid which may produce a serious acidosis 
ill the individual and may eventually cause death. More complete 
oxidation is facilitated by the administration of carbohydrate and 
of insulin. It is a remarkable fact that the Eskimos can consume 
a very high fat diet, and hibernating animals use their fat without 
evidence of ketosis. This has not yet been satisfactorily explained. 

Enzymes in Pat Metabolism. — Esterases, since they hydrolyse 
esters and are present in many tissues, probably play a part in 
assisting in hydrolysis and synthesis of fat; the reaction which 
they bring about being reversible and .the requirement of the 
body determining the direction. 

Protein Metabolism. 

In discussing the metabolism of carbohydrates and fats in the 
animal organism, it has been shown that the changes suffered by 
these components of the diet are essentially related to the production 
of mechanical energy, or heat. Protein may in part similarly be 

* More recently Raper and Clutterbuck have found that hydrogen peroxide 
may bring about oxidation in the alpha and gamma positions, but the biological 
significance of this point is not yet evident. 
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used as fuel, ])ui its most important function is growth and repair. 
Protein alone among the foodstuirs contains tJie elements essential 
for tlie c(mstructi(m of new tissue, not only in the growing animal 
but also in the adult, where tissue wastage is constantly occurring 
owing to wear and tear }>roeesses. Moreover, it is becoming evident 
that th(^se same elements are also required for the elaboration of 
substaiKJOs of importance in the regulation of the organism, e.g. 
thyroxine. Hence it is seen that the protein of the food plays a 
role in the animal organism which cannot be undertaken by any of 
the other constituents of the <liet. 

Destination of the Amino-Acids. — CoiKierning the actual mode 
of tliis elaboration of new tissue and of regulative secretions very 
little is known. N'everthelcss, availalde evidence indicates that 
the amino-aci<ls, which we have seen are the ultimate breakdown 
products of the protein of tlie food during digestion in the alimentary 
canal, arc intimately connected with tliis process. Van Slyke, for 
examjilo, investigating the fate of amino-acids intravenously injected, 
found that not only did they rapidly disappear from the blood- 
stream, but also that this disap[)earance was due to their absorption 
by the tissues. 

Hie increase of amino-acids after the injection was greatest 
in the liver, though the kidney and muscle appeared to retain 
their quota for a longer time. The fall in the liver amino-acids 
which takes place after the first hour was, moreover, accompanied 
by a rise in the blood urea and, as it will be seen later, these 
two phenomena are closely related. It is thought that normal 
absorption of amino-acids by tlie tissues takes place in miudi the 
same way. Having thus loaded themselves with amino-acids, the 
tissues proceed to pick out those they particularly require, either 
to iucor])orate them into their own sulistance, or for the production 
of secretions ; those amino-acids not so required, however, may be 
ri3tained or transferred by way of the blood-stream to the liver, 
where they are broken down and the noii-amino part used as fuel. 
There are, then, two main processes in protein metabolism ; firstly, 
the building-up of amino-acids from the blood-stream into the 
tissues and special substances like bile acids, and secondly, the 
decomposition of the amino-acids not so required. 

In addition to the metabolism of the protein of the diet, one 
must also remember that amino-acids are liberated from liody 
protein during tissue wastage and that every living tissue is 
periodically replaced. 'J’hesc amino-acids are dealt with in exactly 
the same way as those of the diet, but as would be expected, such 
protein metabolism does not vary in amount like that of the diet. 

Folin has classified protein metabolism on this basis. Metabolism 
which is closely related to the synthesis and breakdown of body 
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tissue is culled endogenous, wliile Unit not so related is cuIUhI 

exogenous. 

The products of (ixo^enous luetaholisiii in tlui urine are those 
which vary witli tlie (Vmt. Those of en<lo;.;(uious nuTaholisin those 
which are unaltered by a diet rich or poor in protein, since they 
depend on the constant breakdown of the tissues of the body 
and are creatiniiuL neutral sulphur, and a small quantity of urea 
and uric acid. In conditions of excessive tissue breakdown, e.(/. 
during involution of the uterus and in fever, the creatinine is much 
increased. It should be noted that the })roducts of endogenous 
metabolism pass directly to the kidney without passing to the 
liver. Ingested neutral sulpliur, e.g. cystine, becomes oxidised to 
inorganic sulpliur in that organ. 

In the liver, as we have said, the amino-acids are deaminated, 
tliat is, they lose their NIL, groups. Dudley and Dakin liave 
suggested that this is probably the result of simple dissociation 
ill which the acid is broken down to ammonia and aldehydes, 
a reaction possibly accelerated by enzymes but certainly not 
requiring much oxygen. 

Tdie process of deamination is the first in the formation of 
urea. The subsequent stages have been the subject of a consideralile 
amount of research. 

It was shown, for example, by Schroder in 1882 that ammonium 

/ONH^ 

carbonate, 0 = if perfused tlirough the liver, was con- 

^ONTH, 

verhul into urea, and it has therefore been considiu’od that this 
substance is probably an intermediate -^tage in the formation of 
urea normally. The fei^ding of ammonium carbonate to animals 
also causes an increase in the excretion of uri^a. 

liccause of this it used to be considered that the formula of 

.Nil, 

urea was 0 = C<^ but the work of Werner indicates that this 

^NIL, 

Nil, 

is probably incorrect and that the formula Nil = | is 

the true one. lie has pointed out that, since urea forms only 
one salt with nitric acid and not two, wliicli would be the case if 
there were two basic (NHg) groups in the molecule. It is of 
interest that urea was first prepared synthetically from ammonium 
eyanate. 

On this basis it has been suggested that the intermediate stage in 
the breakdown of amino-acids to urea is not ammonium carbonate 
but cyanic acid, HNCO, which in neutral aqueous solution is partly 
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iiydrolyHcid to aiiiiiiojiia and carbon dioxide and partly converted 
into urea by combination with this ainnionia. These changes are 
indicated thus : — 

HOCN - - IlCNO+H„() NH, + CO, 

I I 

NH3 

— >NH C( I 

\o 


Tliis view is strengtliened by the fact that at body temperature 
cyanic acid is easily hydrolysed to urea and in the presence of 
ammonia the yield of urea is doubled. 

With the appreciation of the newer facts it has been necessary 
to recast our ideas regarding the formation of urea. W(^ (;annot 
change the old facts but we interpret them in a now light. 

It has also now becom(3 known tluit urea is formed if slices 
of liver are supplied with ammonia and carbonic. a(*id, and that 
this formation is greatly accelerated by tJie presence of the dianiino- 
acid ornithine. 

Another probable method (Krebs) of the formation of urea is 
as follows, although it is not certain that all urea is formed in 
this way. The ammonia and carbon dioxide combine with ornithine 
to form arginine. In the liver a ])owerful enzyme, argiriase, is 
present whicdi breaks down arginine to nrea and ornithine, another 
amino -acid whicli can be used over again in the body. This 
is indicated by the following formuhe, in which it is seen that 
arginine c.on tains in the a position the usual NH., group and 

.NIL, 

at the otluu' end of the chain a guanidine grou]), IlN = C 
which is very like urea. 


up + UN 


water + arginine 


■NH3 

NHCHj . CIJ2 . CH, . CII, . COOH 

I 

NH, 


4- arginasc. 


This gives 

N H 

NH==c/ +NH„.CH,.CH,.CH„.CHN^^,,.COOH. 

\ 01 l 222. , 

i.e. urea -f ornithine. 


It seems likely tint in the first stage the arginine is not 
directly formed but through an intermediate product, citrulline, 
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which is formed by the action of ornithine on the ammonia and 
carbon dioxide and which is then converted into arginine by furtlun- 
ammonia. 

Tlie wliole point of this elaborate arrangement is to produce 
from the alkali ammonia a soluble neutral substance, urea, which 
can be easily eliminated or from which, as we shall see, ammonia 
is very readily available when it is necessary to neutralise acid 
products in the blood. This neutralisation takes place in the 
kidney. (See Ammonia in the Urine.) 

What remains of the amino-acids after deamination is oxidised 
to ketonic a(‘ids and some subsequently to hydroxy-acids, such as 
lactic acid, for final oxidation. Some, such as alanine or glycine, 
may be converted through glucose into fat or oxidised according 
to the requirements of the body; others, like leucine and tyrosine, 
may yield acetone bodies. 

The process of urea formation takes place in the liver, and if an 
Eck fistula is made the portal vein is joino<l to the vena cava) 
so that the liver is short-circuited, no urea is formed. Mann and 
Magath have shown that removal of the liver causes a steady 
decrease of the urea in the blood and urine, provided urine secretion 
continues. If the flow of urine ceases or the kidneys are removed, 
the blood urea remains constant, indicating that urea is not destroyed 
in the body. The liver is, however, not the only site of urea formation. 
Oldiu' experiments with the Kck fistula showed an accumulation of 
ammonia in the blood and indicated that deamination might take place 
in other tissues. It has now been shown that the (i-aniino-acids are 
deaminised in the kidney. It has also been found that ammonia is 
formed by an aspliyxiated heart-lung preparation. 

The urea so formed passes into the blood-stream and thence 
by way of the kidney into the urine. 

The reverse process, of making ammonia from urea, also takes 
place in the kidm^y. This is dealt with further in relation to the 
ammonia of the urine. 


Purine Metabolism. 

We have yet to consider the metabolism of the special grouj) 
of proteins called nucleo-jiroteins. As the name suggests, these 
compounds contain nucleic acid, a complex organic acid con- 
taining phosphorus, which is found widely distributed in animal 
and vegetable tissues. It is an important constituent of nuclei and 
is, therefore, present in quantity in cellular organs such as the liver, 
thymus, pancreas, lymphatic glands, and testes. Moreover, in man, 
it is the precursor of uric acid, and a study of its metabolism is 
therefore of importance. 
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Diirijig digestion tlie nucleo-proteins iiinlergo a variety of changes 
wliicli primarily break them thus: — 

nucleo-protein 

^ (by gastric digestion) 

protein + nuclein 

(by gastric digestion) (by nuclease of intestinal juice) 

peptone nucleic acid + protein. 


The final end-products wliicli pass into the blood are amino- 
acids, from tlie protein part, and purines, pyrimidines, phosplioric 
acid, and hexose (or pentose), from the nucleic acid. Before passing 
to a consideration of ])urine metabolism, it will help matters 
considerably if we refer to the chemistry of these substances. The 
constitution of purine is 


(1) N CH (6) 

(2) HC (5) C NH (7) 


^CH (8) 


(3) N C N 

(0 ( 9 ) 

or more simply /H (2) 

Pu(-H (6) 

\h (8) 

wliere Pii represents the purine residue. 


Tlie more important purines from our point of view are adenine 
and guanine, whoso simpler formuhe are respectively 

/II (2) /NH, (2) 

Pu( NH, (6) and Pu( OH (6) 

\H (8) \H (8) 


Those two compounds, after absorption from the intestine, pass 
to the liver and other tissues, where they are deaminised in much 
tlie same manner as amino-acids, by the respective deaminases 
adenase and giianaso. Adenine, under these conditions, yields 
hypoxanthine, or G oxy-purine 


Pu( 


H (2) 
OH (6) 
- ( 8 ) 


'■H 


while guanine yields xanthine or dioxy-purine 


/OH (2) 
Pu/OH (6) 
\H (8) 
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Hyj)oxanthiue and xanthine are then oxidised with the formation 
of uric acid, 2, 6, 8 — trioxy-purine, 

/OH (2) 

Pu/OH (6) 

\OH (8) 

wliich is excreted in the urine as its sodium and potassium salts. 

While the changes thus described are taking place in the liver, 
the nucleic acid, which is a constituent of all cells, also suffers 
similar changes. Hence the uric acid, wliich finally appears in the 
urine, is partly endogenous in character, and partly exogenous. 

While in man the uric acid so formed is excreted as such, yet 
many mammals, particularly the dog, are able to carry the process 
of oxidation one stage further, with the result that one of tlio 
purine rings is broken and allantoin is formed. In the urine of 
these animals allantoin thus largely replaces uric acid, in other 
mammals again, the allantoin so formed appears to be broken up 
with the ultimate formation of urea. 

For our present purpose wo might summarise the above changes 
simply, thus : — 

N ucleo-Protein Nucleo-Protein 



The mode of excretion of uric acid in man is dealt with under 
“ Urine.’’ 

It is of interest that the chief nitrogenous constituent of birds’ 
urine is uric acid, and here the uric acid appears to be built up in the 
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liver froiri tlie urea produced during the ordinary processes of protein 
nietabolisin. That such a synthesis takes place in the bird can be 
shown by cutting out the liver from the circulation. Under these 
conditions it is found that ammonium lactate accumulates in its blood. 

An explanation of the necessity for the intake of appjirontly 
unduly large amounts of protein is probaldy, as suggested by Hopkins, 
that certain of the cleavage products of protein are more important 
llian others for body-building and for the elaboration of some of the 
special secretions of the body such as those of the ductless glands, 
e.(j. adrenaline and thyroxine. (See Huctless Glands.) 

The re([uirements of special amino-acids for body-building are 
dealt with behjw. 

Special Protein Metabolism - — In addition to the processes 
described a])ove, which concern the nitrogen of the protein molecule, 
the body has certain special mechanisms to deal with any other 
elements in proteins such as sulphur or phospliorus. The method 
of excretion of the surplus intake of such elements is dealt with in 
the chapter on Urine. 

Protein Utilisation and Synthesis. 

The study of protein digestion and subsequent metabolism 
indicates how the organism can construct the proteins peculiar to 
itself and maintain its chemical individuality, although the proteins 
taken vary so widely in composition, especially in regard to their 
amino-acid content 

The evidence indicates that in the first instance tlie organism 
breaks down all foreign proteins into their constituent amino-acids 
and subsecpiently uses sucli amino-acids as it requires to build 
up its own protein. 

In the making of animal proteins, however, certain essential 
amino-acids appear to be more important than others for certain 
animals. Some can be made apparently by the animal from sinqiler 
substances but others must be supplied, at least to carnivorous animals. 

By feeding animals on diets deficient in different amino-acids 
it has been possible to obtain accurate information on the subject. 
This has been done especially by Hopkins, Osborne, Mendel, 
Sherman, and many others, and it is of interest to recall that it 
was such experiments also which led to the discovery of vitamins. 

In the young animal the choice of diet is more important than 
in the old which appears to have a greater power of synthesis as 
it has less power of growth. 

In this connection then the amino-acid content of proteins 
is of the utmost importance. Some proteins such as gelatine 
contain no tyrosine or tryptophan. Zein, the protein of maize. 
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contains no tryptophan, lysine, or glycine. Casein, the protein of 
milk, contains no glycine and little cystine. (Hiadin, the protein 
of wheat, has no glycine or plmsphorus. Turines are absent from 
caseinogeii, gliadin and edestin. 

Young rats thrived on all, but a puppy would not thrive on 
gliadin as its only source of nitrogen, although its mother thrived 
excellently and was able to produce and nurture its young normally. 

By such experiments, it has been found that lysine, histidine, 
and arginine are essential for growth, but growth takes place 
more rapidly if cystine is present also in the diet. Tryptophan 
is essential for life and for the maintenance of body-weight, while 
tyrosine is very important, probably because some of the substances 
(such as the hormones, adrenaline and thyroxine) which control 
many bodily activities are derived from it. Tyrosine may, however, 
be absent if tryptophan or some of the other aromalic amino-acids 
are present. Tt has become apparent t.hat an amino-acid essential 
for growth is not necessarily essential for maintenance. Glycine 
is, however, not essential and can be easily synthesised by the 
organism. Lysine can ))e made by adults but not by the young, 
at least in adequate amounts for growth. A deficiency in arginine 
can bo compemsated for by giving extra histidine, but not the 
reverse, while tyrosine can be compensated for by administering 
phenylalanine which has a closely similar formula. Similarly, 
cystine can be dispensed with if methionine is present, it is 
claimed that a-aniino-/9-hydroxy-'a-butyric acid is essential (liosci). 

Many experiments have been made to try to get animals and 
moulds to take up abnormal amino-acids but it has always been 
found that the protein of living organisms is constant in composition 
and independent of the food given. 

All such knowledge of amino-acids is of the greatest importance 
in the construction of dietaries and it becomes evident that many 
articles of diet are more complete than others so far as amino-acids 
are concerned depending on the amount of each th(*y contain. 

Bor growth, eggs and milk are specially valuable although the 
latter is deficient in iron. For general purposes the following is the 
order of merit — eggs, milk, meat, whole wheat, potato, oats, corn, 
white flour and beans. The reader should at this stage consult the 
table given earlier in relation to the constitution of proteins. 

Starvation. 

The term “ starvation” is used very loosely. In a scientific sense 
it may be taken to include any deficiency in the food or water intake, 
but by convention it is understood as meaning complete deprivation 
of food; water only being supplied. In man it is possible to study 
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the suliject in Hoine detail, since after the first three or four days, 
th(i desire for food disappears altliougli the subject becomes weak. 

During starvation the body gradually loses weight; the basal 
nuitabohsm and temperature, after a preliminary rise, fall; the 
functions get weaker by degrees, and ultimately death ensues 
wlien the body has lost about 50 per cent, of its original weight. 
Death may be delayed somewhat by artificial warmth, so that the 
strain on the internal production of heat is not so great. If water 
is given, life may continue for rather more than a month. The 
age of the animal inliueiujes the time at which death occurs. 
This statement was originally made by Hippocrates, and has been 
borne out by the experiments of Martigny and Chossat. Young 
animals lose weiglit more quickly, and die after a smaller loss of 
weight than old. 

At first (one to three days) stores of carbohydrate is burnt, 
but the store of glycogen is limited and the body uses it sparingly. 
The heart and the muscles do not lose their glycogen a])preciably 
but fat is largely burnt. Subsequently fat becomes the chief source 
of eneigy as is seen by the fall in the respiratory quotient almost 
to 0 7. As might bo expected, the combustion of fat is incomplete 
and acid products are excreted in the urine. Use is made of this 
fact clinically when a patient with an infection of the urinary 
tract is placed on an almost wholly fat diet. 

The blood sugar also falls, but later, for some unexplained reason, 
it rises again, ])ossibly because of the conversion of fat into carbo- 
hydrate. It should bo noted that the fat which is used is that 
of the fat depots and not the fat which is a part of the structure of 
practifjally all cells. 

The excretion of nitrogen falls quickly at the commencement of 
starvation, and even on the first day sinks to half the normal, like 
that of a subject on a low protein diet. This lessening goes on 
for a few days, after which it remains constant ; about the end of 
the fourth week it rises again when the fat of the animal has been 
used up, and the body makes an increased call on the protein 
constituents of its protoplasm — “ tlie premortal rise.” With the onset 
of symptoms of approaching death, which is sometimes accompanied 
by convulsions, the excretion of nitrogen rapidly falls again probably 
owing to renal failure. 

The inetabolic rate falls but it is important to note that wasting 
does not occur to an equal extent in all the tissues and organs. 
Those which are most essential to life are fed at the expense of 
the others: thus the heart loses little or none, and the central 
nervous system loses at most 3 per cent, of its weight. The fat 
nearly all disappears, at least 97 per cent, of it being used up; 
muscles lose 30 per cent, of their original weight, and most of the 
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other organs suffer also hut in varying degrees. Taking the total 
loss as 100, Voit gives the loss due to that of individual organs 
as follows: — 


Bone . 


Pancreas . 

0*1 1 Brain and cord . 

0-1 

MiLscIe 


Lungs 

0‘3 1 Skin and hair . 

8-8 

Liver 

. 4\S 

Heart 

. 0 0 I Fat . 

26-2 

Kidney.s . 

. OT) 

Testes 

. 0-1 Blood 

3-7 

Spleen 

. 0-6 

Intestines 

2*0 1 Other j)arts 

5-0 


The study of starvation is important, as it gives information 
regarding the so-called nitrogen equilibrium, or balaiice between 
nitrogmi output and intake of the body. It is found that in 
carnivora, in order to make the nitrogen intake e(iual to that 
excreted, about three times the amount excreted in starvation has 
to be given, but in man nitrogen equilibrium can never be attained 
on protein alone. The more nitrogenous food given, the more is 
utilised, and thee?fcretion always exceeds the intake. The additional 
protein i^’eally used as fuel to supply the essential energy require- 
mente/flmd does not prevent tissue wastage. The fuel requirements 
are actually increased by the protein itself in virtue oLdfs specific 
dynamic action on metabolism {q.v.). The fuel can, infteed, be more 
adequately supplied by carbohydrates and fats, which may be 
looked upon, tlierefore, as protein-sparers, and, if these are given, 
protein equilibrium is possible in man and is more readily produced 
in carnivora than in their absence. Carbohydrates are better protein- 
sparers than fats, since they are more readily oxidised. They will 
therefore reduce tissue wastage in starvation. It is suggested that 
the protein-sparers make it possible for the products of tissue break- 
down to l)e used over agaim and the importance of carbohydrate in 
the diet dui’ing repair is ejrlfphasised. 

The Biological Value of Proteins. — Wlien we take in protein 
we do so essentially to replace tissue wastage, and there is, therefore, 
a certain irreducible protein minimum below which the protein 
intake cannot bo reduced without affecting the nitrogenous equi- 
librium. It has been found tliat certain sources of protein, e.g. 
meat, eggs and milk, have a much greater value than others, as is 
shown by the fact that less of them is required to maintain 
nitrogenous equilibrium than of vegetable proteins. These sub- 
stances are said, therefore, to have the highest biological value, 
and it will be noticed that they are of animal origin. It is probable 
that this value depends on the amino-acids which they contain and 
the vitamins commonly associated with them. We have already 
noted that in the construction of dietaries such articles are designated 
as “ first class proteins. 
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CHAPTER XXXV 


THE LIVKK 

The Liver, the hirgest gland in the body, is an extremely vascular 
organ, and reeeiv(^s its supply of blood from two sources, viz., 
from the jwrtdl Tdlii and from the hepatic artery, while the blood 
is returned from it into the inferior vena cava by the heiiatic veins. 



Flo 196 — Oia^iciin (»1 tin* livt«i with Uic brlow it. Tlia leliitioiishiiis 

.lit* thuso winch iiK'bcnt in tins 


Its secretion, the hile, is conveyed from it by the hepatic duct, either 
directly into the intestine, or, when digestion is not going on, into 
the cystic duct, and theiuje into the gall-bladder, where it accumulates 
until required. 

The liver is in origin a tubular gland, but as development pro- 
gresses it soon loses all resemblance to the tubular glands found 
elsewhere. It is made up of small roundish or oval portions called 
lobules, each of which is about of an inch (rather less than 1 mm.) 
in diameter, and composed of the liver cells, between which the 
blood-vessels and bile-vessels ramify. The hepatic cells, which form 
the glandular or secreting part of the liver, are of a spheroidal 
form, but are rendered polygonal from mutual pressure. Each 
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possesses a nucleus, sonioiinies two. Tlie cell protoplasm contains 
numerous fatty particjles, as well as a variable amount of glycogen. 

The portai vein (TV), hepatic artery (HA), and hepatic duct 
(BD) run in company (fig. 197). Eimning together through the 
su])stanco of the liver, tli(;y are contained in small channels called 
portfd cAinfds, their immediate investment being a sheath of areolar 
tissue continuous with (Bisson’s capsule which coats the liver. 



Fif! 197 to shoAV tlio m.inj .strxzctures ot tho liv«r. For clearness the cells and 

(’!i[iillaues ol the liver have Izeoii diawn unduly l.vrge and tho smaller vessels omitted. 
(McDowall, modified from Burton OpiU ) 


In its course through the liver the portal vein gives off small 
branches which divide and subdivide between the lobules surrounding 
them and limiting them, and from this circumstance called inter- 
lobular veins. From these vessels a dense capillary network is 
prolonged into the substance of the lobule, and this network con- 
verges to a single small vein, occupying the centre of the lobule 
(CV in llg. 197), and hence called m^m-lobular. 

The m^ra-lobular veins discharge their contents into veins called 
.m5-lobular; these, by their union, form the main branches of the 
'veins, which leave the posterior border of the liver to end 
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by two or throe principal trunks in the inferior vena cava, just 
before its passage through the diaj)hragin. 

The endothelial lining of the liver capillarii^s appears to be in 
many places incomplete, and its cells are irregularly branched and 
more or less isolated from their neighbours. They are called the 
stellate cells of Kujpffer, JMore detailed study and si>ecial stains 
indicate that the endothelial lining is really continuous (Berry and 
Gilding) and that the blood does not come into direct contact with 
the liver cells as once thought. 

The hepatic artery, the chief function of which is to distribute 
blood for nutrition to Glisson’s capsule, the walls of the ducts and 
blood-vessels, and other parts of the liver, is distributed in a very 
similar manner to the portal vein, its blood being returned by small 
branches wliich pass into the capillary plexus of the lobules which 
connects the inter- and in/ra-lobular veins. 

The bile-duct divides and subdivides in a manner like the portal 
vein, the larger branches being lined by columnar, and the smaller 
by small polygonal epithelium. 

The bile capillaries commence between the hepatic cells; they 
are always bounded by hepatic cells on all sides, and are thus 
separated from the nearest blood-vessel by at least the breadth of 
one cell. The bile capillary corresponds to the lumen of a test-tube 
composed of cells, vessels being on the outsi<l6. 

The m^^r-cellular network of bile capillaries may be shown 
(Chrzonszezewsky) by injecting intravenously a saturated aqueous 
solution of sulph-indigotate of soda. The animals are killed an hour 
and a half afterwards, and the blood-vessels, washed free from blood, 
are injected with gelatin stained with carmine. The bile-ducts are 
then seen filled with blue, and the blood-vessels with red material. 
If the animals are killed sooner than tliis, the indigo pigment is found 
within the hepatic cells, thus showing that it is through their agency 
that the canals are filled. 

Pfltiger and Kupffer later discovered that the relation between 
the hepatic cells and the bile canaliculi is even more intimate, 
for they demonstrated the existence of vacuoles in the cells com- 
municating by minute mj^ra-cellular channels with the adjoining bile 
canaliculi (fig. 198). 

/7i^?’a-cellular canaliculi in the liver-cells are not unique. Kecent 
research by Golgi’s method has shown that in the salivary and 
gastric glands, and in the pancreas, there is a similar condition. 

Schafer has further demonstrated that the liver-cells contain not 
only the intracellular bile canaliculi, but also intracellular blood canali- 
culi passing into the cells from the capillaries (sinusoids) between them. 
These are too minute to admit blood-corpuscles. The liver-cells take 
certain materials from the plasma and elaborate the constituents of the 
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bile, the bile salts, and the bile pigitients. These substances are in 
part fornie<l by the lie[)atic cells, and in part are modified by the liver 
after having been manufactured elsewhere, gjj. bile pigments (see 
lllood). We thus see tliat in the liver, lymph does not ‘avA> as an 
intermediary as it does in the formation of other secretions. 

The functions of tlui liver have of recent years been greatly 
(ducidated by the work of Mann and Magath, who have succ(issfully 
nmioved the organ in d(>gs by first causing to be established a 
collabmil circulation through the azygos and internal mammary 
veins. Since the relation of the liviu’ to metabolism is desalt with 



Fig 103 Sketclies illustrating tlio niodo of conimMioement of the bile canaliculi 'withiu the hver- 
cells (lleuleiiliain, after Kuplter) A, rabbit’s luer, injeoted ftom hepatic duct with Berlin blue 
The irUer-celliilar canaliculi gneoll nmiute twigs which {lenetrate into the liver-cells, and there 
terminate in \acuole-liko ftnlarg<*nients 13 , frog’s liver iniected during life with sulph-indigotate 
of soda. A similar appoaranco is obtained, but tho i?Cm-c«llular canaliculi are ramiliod 

under Intermediate Metabolism, the main faets, together with tho 
elTeets of extirjiation, need only he summarised. 

The Functions of the Liver. — Tlic liver, as we liave seen, plays 
an important part in the intermediate metabolism of carbohydrate, 
fat, and protein. 

Garhohydrate Metabolism . — The storage of glycogen and mobilisa- 
tion of glucose (pp. 302 etseq.). The conversion of fructose and galactose 
into glucose. In starvation the formation of glucose from protein. 

Kemoval of th(3 liver causes a marked hypoglycremia, producing 
general loss of all functions, and death ensues in two hours. If, 
however, glucose is administered the animal makes a remarkable 
recovery and survives for twenty- four hours. These results occur 
even after the glycogen of the liver has been removed by previous 
starvation, thus showing that it has been in such circumstances 
concerned in the formation of glucose probably from protein. 

Fat Metabolism. — The desaturation of fats prior to oxidation 
(p, 521). 
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Protein Metabolism. — Deamination of amino-acids, formation of 
urea and uric acid (see Metabolism of Protein and Nucleo- Protein). 

Bile Formation. — Kemoval of liver, like obstruction to its ducts, 
causes the accumulation of bile pigment in tlie blood as the pigment 
which is the product of the breakdown of red blood-corpuscles is no 
longer excreted (see Fate of Fed Blood-Corpuscles). 

The liver plays an important part in dealing with poisonous 
substances, e.g. drugs, absorbed from the alimentary canal. These 
it combines/as glycuronic acid and other substances^ to form harmless 
compoundsf This is called the detoxicating function of the liver. 

Blood Formation. — The liver apparently acts as a storehouse for 
the substance whic.li is produced as a result of the action of the 
gastric juice on the food and which plays an important part in 
the production oi‘ blood (see Origin ot* Fed Blood-Corpuscles). For 
this reason liver is extensively used in the treatment of pernicious 
anaunia. 


Bile. 

Bile is secreted by the liver, stored in tlie gall-bladder and is 
poured into the duodenum. It may be collected from the bile-duct 
or in man by means of a tube which is swallowed into the stomach 
and which passes into the duodenum if the subject lies on his right 
side. Under suitable conditions (see below) the bile drips out freely. 
It is stated that 500 to 1000 c.c. may bo excreted daily. 

Bile is being continuously poured into the intestine, but there is 
an increased discharge from time to time (see below). 

The constituents of the bile are the bile salts proper (tauro- 
cholate and glycocholate of sodium), the bile pigments (bilirubin, 
biliverdin), a miiciiioid substance, small quantities of fats, soaps, 
cholesterol, lecithin, and mineral salts, of which the carbonates 
and phosphates of calcium are the most important. 

Bile is a yellowish, reddish-brown, or green fluid, according to 
the relative preponderance of its two chief pigments. It has a 
musk-like odour, a bitter-sweet taste, and an alkaline reaction. 

The specific gravity of human bile from the gall-bladder is 1026 
to 1032 ; that from the duct, 1010 to 1011. The solids increase from 
2’0 to 11 per cent, from absorption of water and addition of mucus. 

The Bile Salts. — The human bile contains the sodium salts of 
complex amino-acids called the bile acids. The one, glycocholic acid 
(C26H43NO6), is derived from the amino-acid glycine and cholic 
acid, whose origin is uncertain (it is thought to be derived from 
cholesterol or to have a similar origin) ; the other, taurocholic acid 
(C26H45NOyS), is derived from cholic acid and taurine, a sulphur- 
containing amino-acid formed from cystine. The bile acids are 
hydrolysed by dilute acids and alkalies into their components. The 
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coHBtituiion of the bile of different animals varies considerably. 
In human bile several cholic acids which are hydroxy derivatives of 
cholanic acid are found. Of these desoxycholic acid is most important 
as it forms choleic acids with many substances especially fatty acids, 
sterols and phenols which are soluble and diffusible in acid solution. 
Otherwise these substances would be insoluble in a(ud. In man 
glycocholic acid predominates. (Jhemically the bile acids are very 
clos(dy relatcnl and have a similar structure to cholesterol High 
protein diet or administration of cholic acid increases the excretion 
of bile salts, while fasting or the ingestion of sugar lowers it. 

The colour reaction called Pettenkofer’s reaction is due to the 
presence of cholic acid. Small quantities of sucrose and strong 
sulphuric acid are added to the bile. The sulphuric acid acting on 
sugar forms a small quantity of a substance Q,^\\Q(\.f‘iirfuraldehydG, in 
addition to other products. The furfiiraldehyde gives a brilliant 
purple colour with cholic acid. 

The Bile Pigments. — These are iron-free derivatives of hcemo- 
globin ; the body retains the iron for other uses. The two chief 
bile pigments are bilirubin and biliverdin. Bile which contains 
chielly the former (such as dog’s bile) is of a golden or orange- 
yellow colour, while the bile of many herbivora, which contains 
chiefly biliverdin, is either green or bluish-green. 

Bilirulnn has the formula 033H3(j]Sr40e : it is thus an iron-free 
derivative of hienioglobin. The iron is apparently stored up in the 
liver-cells, perhaps for future use in the manufacture of new licxmo- 
globin. Bile contains only a trace of iron ; bilirubin is isomeric with 
hicmatoporphyrin. 

Bilimrdin (C33H3gN40g)_, may occur as such in bile; it may 
be formed by simply exposing red Idle to the oxidising action of 
the atmos])h(U’e ; or it may be forjued as in Gmelin’s test (see 
Urine) by the more vigorous oxidation ])roduced by fuming nitric 
acid. 

ITyd.rolnliruhin (C32H44N40y). — If a solution of bilirubin or 
biliverdin in dilute alkali is treated with sodium amalgam or 
allowed to putrefy, a brownish pigment, which is a reduction 
product, is formed called hydrobilirubin. It shows a dark absorption 
band between h and F, and a fainter band in the region of the D line. 

This substance is interesting because a similar substance is formed 
from the bile pigment by reduction processes in the intestine, and 
constitutes sterrobilm, the pigment of the fteces. Some of this is 
absorbed and ultimately leaves the body in the urine as one of its 
pigments called urobilin. A small quantity of urobilin is sometimes 
found preformed in the bile. 

The Origin of Bile Pigment. — We have seen (p. 361) that 
the bile pigments are formed from pigments of broken-down red 
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blood-corpuscles, by the reticulo-endotlielial system. The bilirubin is 
modified by the liver, as is indicated by the Van den Bergli reaction. 

The test solutions are — 

(A) Sulphanilic Acid . . . .1 ^^rain 

IICl (cone.) . . . . .15 c.c. 

Distilled Water .... 1000 c.c. 

(7?) Sodium Nitrite .... 0 '5 per cent, solution 

Immediately before use A and B are mixed in the proportion of 
100 to 3 respectively. 

If added to bile the direct reaction (bluish violet) is obtained, 
but if to normal blood serum no colour appears until 96 per cent, 
alcohol has been added, ie. the indirect reaction (violet rod). The 
modification, which is obscure, is due to the liver, but the reaction 
has been of great value in detecting and estimating the presence 
and amount of modified and unmodified bile pigment in the blood. 
In simple obstruction of the bile passages the pigment which has 
been modified passes back into the blood-stream the scrum of 
which then gives the direct reaction. The presence of an excessive 
amount of bile pigment in the blood causes the mucous membranes, 
the white of the eye, and the skin to appear yellow. This is known 
as Jaundice. 

Cholesterol. — Small quantities of this substance are excreted in 
normal bile. Gall-stones commonly consist of precipitated cholesterol, 
to which may be added bile*, pigments and calcium carbonate. 

The Secretion of Bile. — This takes place during the day, rather 
than during the night when glycogen is being stored. The cells 
concerned are the more central cells of the loliule, but, as shown 
histologically, the other cells become active if more bile is needed. 
The bile is secreted at a much lower pressure than are the 
secretions of the salivary glands, but this is to be expected from 
the fact that in the latter case the pressure of the blood in the main 
vessel supplying the gland is arterial and not venous. Like other 
secretions, however, it is produced at a pressure higlier than the 
blood supply. According to Herring and Simpson, the bile pressure 
(30 mm. Ilg) is tliree times that of the blood in the portal vein. 

The nervous mechanism is unknown, but it appears that bile is 
secreted under the influence of the action of secretin, which thus 
stimulates the liver as well as the pancreas, and through the action 
of the bile salts themselves reabsorbed from the intestine. 

Schiff was the first to demonstrate this circulation of the bile, 
which relates chiefiy, if not entirely, to the bile salts; by causing 
bile to be fed to animals or led i)ack to tlio duodenum from a 
fistula, the percentage of solids in the bile excreted is at once raised. 
The secretion of bile is increased by a variety of substances other 
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than ])ile salts ; of these tlie most important are tissue extracts 
generally. Meat increases the taiirocholic a(ad and fat the 
cholesterol. 

The Storage and Excretion of Bile. — ]>ile is secreted particu- 
larly during the digestion of food, but when the stomach is empty 
it accumulates in the gall-bladder. During its stay in the gall- 
l)ladder the l)ile is concentrated and has mucus aflded to it (see 
Comjjosition of Hilo). In starvation the ])ile-pressure may reach 
.‘100 ]nm. (of bile). This it does in virtue of the pressure at 
which it is secreted and because the sphincter of Oddi, at the 
opening of the (jommon bile-duct into the duodenum, is closed 
while the gall-ljladder is relaxed. The resistance of the sphincter 
is therefore considerable (Me Master and Elman). When food 
passes through the pylorus the peristaltic waves pass over the 
duodenum, the sphincter of Oddi at the opening of the bile-duct 
relaxes, and the gall-bladder and large ducts contract, driving out 
the accumulated bile. This mechanism appears to be under the 
antagonistic inlluences of the vagus and symj^athetic, the former 
being motor. In cases of obstruction of the bile-duct by a gall-stone, 
excessive action of the plain muscle of these parts attempting to 
drive down the stone causes the intense pain of biliary colic from 
stretching the wall of the duct. 

It is (ipparently the products of fat digestion which are concerned 
since the time the fat stays in the duodenum is important. 

Ivy and his co-workers have discovered in the wall of the 
duodenum a substance like secretin which inay bo extracted and 
which lu’ings about contraction of the gall-bladder if injetded into 
the ])lood. This substance they call cholecystokinin. 

Most purgatives, e.g. calomel and magnesium sulphate, stimulate 
the bile-expelling mechanism, and consecpiently the faeces becomes 
dark from the presence of bile pigment less altered than stercobilin. 
When it is desired to obtain samples of bile through the duodenal 
tube, a meal of cream and egg-yolk is given to cause the gall-bladder 
to contract. Evidence seems to favour the view that this rapid 
evacuation is duo to a rapid rise in the pressure in the gall-bladder 
from a contraction initiated by cholecystokinin and reflex stimuli 
from the gut. At the same time as the gall-bladder contracts 
the sphincter of Lutkens at its neck relaxes. Meat and peptones 
cause ex(U'etion. The fact that the blood of a subject fed on 
egg-yolk causes the gall-bladder of another to contract suggests 
that the egg causes the production of (diole(iystokinin. 

The patency of bile passages may be studied by means of X-rays. 

A dye, sodium tetriodophenolphthalein, opaque to X-rays, is 
eliminated in the bile after intravenous injection, and its excretion 
may be hastened by giving the patient a quantity of cream and 
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egg-yolk. The X-ray shadow of the gall-bladder becomes more and 
more dense for some time after the period of maximum exfirction of 
the dye, because of concemtration of the o])aqiio dye in tlie stored 
bile. JMoreover, tliere is evidence that the gall-bladder absorbs some 
of the lipides of bile ; this organ may therefore ])e of im])ortance in 
regulating the amount of cholesterol leaving the body via the bile. 

The Functions of Bile. — l^ile is alkaline; it therefore assists 
the pancreatic juice in neutralising the chyme that leaves the 
stomach. It assists the absorption of fats. It is also a solvent of 
fatty acids, of choleshnol and of the fat-soluble vitamins, e.f^. carotene 
and ergosterol. The latter may be preci])itated from solution by the 
products of bacterial growth and this gives rise to the formation of 
gall-stones. 

Bile stimulates peristalsis in the large intestine and is used 
extensively for this purpose in enemata, especially after operations. 
The use of bile as a purgative was known to the ancient Egyptians. 

When the bile meets the chyme the turbidity of the latter is 
increased owing to the precipitation of unpeptonised protein. This 
is an action due to the bile salts, and it has been surmised that 
this conversion of the chyme into a more viscid mass serves to 
hinder its progress through the intestines ; it clings to the intestinal 
wall, thus allowing absorption to take place. 

It precipitatc^s also pepsin and neutralises the hydrochloric acid 
of the stomach by regurgitating into the latter when it is empty. 

Bile is said to be a natural antiseptic, lessening the putrefactive 
processes in the intestine. This is very doubtful. Though the bile 
salts are weak antiseptics, the bile itself is readily putrescible, and 
the power it has of diminishing putrescence in the intestine is due 
chiehy to the fact that by increasing absorption it lessens the amount 
of putrescible matter in the bowel. 

Bile, as we have seen, acds as a stimulant to its own secretion. 

P>ile is also a means of excretion of cholestm'ol, iron, cop})er and 
calcium. Many drugs are also excreted in the bile, eg. ])henol. 

Removal of the Gall-Bladder. 

The gall-bladder is liable to become the seat of chronic infection 
and very commonly gall-stones are precipitated. Itemoval of the 
organ is commonly practised with a])])arently no impairment of 
(indeed usually with benefit to) th(i patient. Homo consider that the 
bile-ducts dilate to accommodate the bile, others consider that there 
is a continuous excretion of bile. The latter seems unlikely in view 
of the resistance of the sphincter. Home animals which secrete a 
more concentrated bile have no gall-bladder, e,g the mouse and horse 
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CHAPTER XXXVI 


THE URINARY APPARATUS 

The urinary a})paratiis consists of the kidneys, from each of whicdi 
a tube called the ureter loads to the bladder, whore the urine is 
temporarily stored ; from the bladder 
a duct called the urethra leads to the 
exterior. 

The Kidneys are situated in tlie 
lumbar region of the abdomen on 
either side of the vertebral column 
behind the peritoneum. In man 
each is about 4 inches long, and 
weighs about oz. .N 

Structure . — The kidney is covered 
by a fibrous capsule, which is slightly 
attached at its inner surface to the 
proper substance of the organ by 
means of very fine bundles of areolar 
tissue and minute blood-vessels. 

On dividing the kidney into two 
equal parts by a section carried 
through its long convex border, it is 
seen to be composed of two portions, 
called cortical (external) and medul- 
lary (internal) ; the latter is composed 
of about a dozen conical bundles of 
urinary tubules, each bundle forming 
what is called a 'pyramid. The upper 
part of the ureter is dilated into the 
pelvis ; and this, again, after separating into two or three principal 
divisions, is finally subdivided into still smaller portions, varying in 
number from about 8 to 12, called calyces. Each of these little 
calyces or cups receives the pointed extremity or papilla of a pyramid. 

The kidney is a compound tubular gland, and both its cortical 
and medullary portions are composed of tubes, the tuhidi uriniferi, 
bound together by connective tissue. 

645 



Fio 19'J -Plan of a lon};ituilniaI section 
through the pelvis aiul substance of the 
right kidney, a, the coitical sub- 
stance; by b, liroail part of the pyramids 
of Malpiglii; c, c, the divisions of tlie 
pelvis named calyces, laid open , c', one 
of tho.se unopened , d\ .siiinmit of the 
pyramid iirojecting into calyces; e, e, 
section of tlie narrow part of two 
pyramids near the calyces ; p, pelvis 
or enlarged portion of the ureter within 
the kidney ; u, the ureter ; s, the sinus , 
h, the lulus 
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Ill the [lyrainids tlic tubes arc straiglit — uiiithig to form larger 
tulies as they descend from the cortical portions — while in the 
latter region tliey are convoluted. Ihit in the boundary zone 
between cortex and medulla, small collections of straight tubes 
called medullary rays project into the cortical region. 

Each begins in the cortex as a dilatation, called the capsule of 
Bowman * ; tliis encloses a tuft or glomerulus of capillaries, called a 
Malpighian corpuscle. The tubule leaves the capsule by a neck, and 
then becomes convoluted {first convoluted tuhvle), but soon after 
becomes nearly straight or slightly spiral {sgnral tubule) ; then rapidly 
narrowing, it passes down into the medulla as the descending tubule of 
Hc'nle ; this turns round, forming a loop {loop of Ilenle), and passes 
up to the cortex again as the ascending tubule of Henle. It then 
becomes larger ami irregularly zigzag {zigzag tubule) and again 
convoluted {second convoluted tubule). Eventually it narrows into a 
fimctional tubule, which joins a straight or collecting tubule. This 
passes straight through the medulla, where it joins with others to 
form one of the ducts of Bellini that open at the apex of the pyramid. 
These parts are all shown in fig. 200. 

In the capsule, the epithelium is rellected over the glomerulus. 
It is llattened like that lining a lymjih space. 

In the neck the epithelium is still flattened, but in some 
animals, such as frogs, where the neck is longer, the epithelium is 
ciliated. 

In first convoluted and spiral tubules, it is thick, and the cells 
show a fibrillated structure, except around the nucleus, where the 
protoplasm is granular. The cells interlock laterally and are diflicult 
to isolate. In the narrow descending tubule of Ilenle and in the 
loop itself, the cells are clear and flattened and have a considerable 
lumen ; in the ascending limb they again become striated and nearly 
till the tubule. In the zigzag and second convoluted, tubules the 
fibrillations become even more marked. The junctional tubule 
has a large lumen, and is lined by clear flattened cells; the 
collecting tubules and ducts of Bellini are lined by clear cubical or 
columnar cells. 

The extent of the zone of clear cells in the loop of Ilenle varies 
a good deal in different animals; a diminution of this part of the 
tubule lessens the length of the total loop ; in most animals there 
is an admixture of long and short loops, but the proportion of the 
two varies greatly in different parts of the animal kingdom. 

Blood-Vessels of Kidney. — The renal artery enters the kidney 
at the hilus, and divides into branches that pass towards the cortex, 
then turn over and form incomplete arches in the region between 

* In his original paper Bowman says that this capsule was first described by 
Muller who did not then reijognise its exact connections with the tubules. 
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cortex and niedulJa. From these arches vessels pass to the surface 
which are called the interlobular arteries ; they ^ive off vessels at 
right angles, which are the afferent vessels of the (jlomeruh ; a 



Fio. 200.— Diagram to indicate the geiioial arrangemont of the kidney. Me, Malpighian corpuscle; 
Ic, llrst convoluted tubule; 2c, second convoluted tubule; RL and AL, descending and ascending 
limbs of the loop of Honle ; CT, collecting tubules ; DB, ducts of Bollmi. 

glomerulus is made up of capillaries, as previously stated. From 
each a smaller vessel (the efferent vessel of the glomei^ulus) passes out, 
and like a portal vessel on a small scale, brea’^s up once more into 


548 


THE URINARY APPARATUS 


[CH. XXXVI. 


capillaries which ramify between the convoluted tubules. Eecent 
work suggests that the arteries unite to form veins {intcrlohuar 
veins) which accompany tlie interlobular aj teries ; they pass to 
venous arclies, parallel to, lait more comjdete than, the corresponding 
arterial arches ; they ultimately unite to foi’iii the renal vein that 
leaves the hilus. These veins receive also others which have a 
stellate arrangement near the capsule (vence stelhdce). 

The medulla is supplied witli pencils of fine straight arterioles 
which arise from tlie arterial arches. They are called artcrim rectce. 
The efferent vessels of the glomeruli nearest tlie medulbi may also 
break up into similar vessels wliich are called false arterioe rectm. 
The vidns {vcnm redm) take a similar course and empty themselves 
into the venous arches. Tn the boundary zone groups of vasa 
recta alternate with groups of tuliules, and give it a striated 
appearance. 

The Ureters,— The duct of cacli kidney, or ureter, is a tube about 
the size of a goose-cpiill, and from twelve to sixteen inches in length, 
which, continuous above with the pelvis, ends below by perforating 
obliquely the walls of the bladder, and opening on its internal 
surface. 

It is constructed of three coats: {a) an outer fibrous coat; {h) a 
middle muscular coat; and {c) a mucous membrane continuous with 
that of the pelvis above, and of the urinary bladder below ; it is 
composed of areolar tissue lined by transitional epithelium. 

The Urinary Bladder is pyriform; its widest part, which is 
situate above and behind, is termed the fundus ; and the narrow 
constricted portion, by which it becomes continuous with the urethra, 
is called its cervix or neck. 

It is constructed of four coats — serous, muscular, areolar, or 
submucous, and mucous. The circular muscle-fibres are especially 
developed around the neck of the organ and form the sphincter 
vesicoe. The mucous membrane is lined by transitional e])ithelium 
like that of the ureters. It is provided with mucous glands, which 
are most numerous near the neck of the bladder. 

The bladder is well provided with blood- and lymph-vessels, and 
with nerves. The latter consist of branches from the sacral and 
hypogastric plexuses. Granglion cells are found, here and there, on 
the course of the nerve-fibres. 

The Urethra. — This occupies the centre of the corpus spongiosum 
in the male. As it passes through the prostate it is lined by transi- 
tional, but elsewhere by columnar epithelium, except near the orifice, 
where the epithelium is stratified like the epidermis, with which it 
becomes continuous. The female urethra has stratified epithelium 
in its lower half and transitional above. The epithelium rests on a 
vascular corium, and this is covered by submucous tissue containing 
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an inner longitudinal and an outer circular muscular layer. Outside 
this a plexus of veins passes insensibly into the surrounding erectile 
tissue. 

Into the urethra open a number of oblique recesses or lacunce, a 
number of small mucous glands (glands of Littr6), two compound 
racemose glands (Cowper's glands), the glands of the prostate, and 
the vas or ductus deferens. The iwostaU, which surrounds the 
commencement of the male urethra, is a muscular and glandular mass. 
Its glands are tubular and lined by columnar epithelium; their 
secretion dilutes the semen. Yery little is known of the function of 
the prostate; it often enlarges and becomes calcareous in old age, 
and gives rise to discomfort and difficulty in micturition. Its 
removal in tlicso circumstances may bo a most beneficial operation. 


The Function of the Kidney. 

The function of the kidney is to separate the urinary con- 
stituents from the blood, and by this meaiis the blood is 
maintained of constant composition. It is chiefly concerned with 
the excretion of water, chlorides, sulphates, and the products of 
protein metabolism, in these functions the kidneys cn-opcu’ate with 
the skin. They also co-operate with the lungs in maintaining the 
normal acid-base equilibrium of the blood by varying the amount 
of carbon dioxide excreted. Their inter-relationship is considered 
later. 

We may sum u}) the process of urinary secretion as follows : — 
One fluid, the arterial blood, enters the kidney ; two fluids, the 
venous blood and the urine, leave it. Both of these fluids are 
different in coinposition from the arterial blood. The following 
table gives tlie approximate values of the principal constituents 
in the plasma of the arterial blood, and in the urine. It must, 
however, be clearly understood that the various constituents may 
vary from time to time according to circumstances. 

Arterial Blood- plasma. Urine. 


Total solids 


10 per cent. 

4 per 

cent. 

Proteins 


*7 *5 to 9 , , , , 

0 


Chloride 


0-37 „ „ 

0 6 „ 


Urea . 


0 08 „ „ 

20 ,, 


Sugar . 


O'lO „ „ 

0 


Uric acid 


0-003 „ „ 

0-05 „ 


Hippuric acid 


0 „ 

0-07 „ 


Creatinine . 


0 001 „ „ 

01 „ 


Ammonium salts . 


O-OOl „ „ 

0-04 „ 



How exactly the urine is separated from the blood and con- 
centrated has been a subject of study and debate over a long period 
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of years, but it is slowly becoming evident that although the kidney 
acts as a whole, its different parts act differently as their histological 
structure suggests. Thus it may be considered that flattened epithelial 
cells of the glomeruli and possibly of the descending loops allow 
the passage of fluid by simple physical ])rocesses which are affected 
solely by the blood-pressure in the bloo(l capillaries supplying them 
and the osmotic pressure of the blood constituents. A variation 
in the activity does not involve any alteration of the oxygen usage 
of the organ. The thicker cells of the majority of the tubules may 
Ido considered to have a more vital function, an increase in which 
requires the use of more oxygon. 

A glance at the a])ove table shows that while the urine as a 
whole is more dilute than the blood, certain constituents are present 
in greater concentration than they are in the blood. Moreover, 
it is evident tliat some substances have been concentrated to a 
greater extent than otliers. Cy. ('rcatinine and Urea. 

It has also ])een found by experiment that cooling the kidney 
or the administration of cyanides which reduce its vital functions 
tends to cause tlie organ to produce a urine which might be con- 
sidered a simple ultra-filtrate of serum, the chloride content 
being higher and the creatinine content being lower than in 
normal urine. More urine is produced. The cooled kidney becomes 
a simple physical mechanism. 

It is convenient to consider the function of the glomeruli and 
tubules separately. 

The Function of the Glomeruli. 

In the case of the glomeruli, the evidence is very complete that 
they act as filters. 

1. It has been found possible to pass under a microscope a 
cannula directly into the glomerular capsule (Kichards and Wcarn) 
and the fluid withdrawn has been found to be of the same 
composition as blood minus the non-filterable protein. 

In a similar way the pressure necessary to stop the flow through 
the glomerular capillaries has been found. This is about 200 mm. 
water, and since the colloidal osmotic pressure of the blood is 
100 it may be considered that a sufficient head of pressure is 
available. 

2. Any increase of the osmotic pressure ^of the blood such as 
occurs in severe sweating tends to reduce the urine produced and 
any reduction by dilution such as occurs after drinking causes 
an increase of urine. 

3. As might be expected, too, a rise of general arterial pressure 
increases the flow of urine provided the procedure causing the 
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rise does not constrict the vessels of the kidney. This is seen in 
the accompanying table : — 


Procedure. 

Geiioral blood- 
prossure. 

Roiial vessels 

Kidney volume 

Unaary flow 

Division of spinal cord in 
neck 

Falls to 

40 mm. 

Relaxed 

Shrinks 

Ceases 

Stimulation of cord . 

Rises 

Coiistrided 

Shrinks 

Diminished 

Stimulation of cord after 
section of renal nerves 

Rises 

Passively 

dilated 

Swells 

Increased 

Stimulation of renal 

nerves 

Unaffected 

Constricted 

Shrinks ] 

Diminished 

Stimulation of splanchnic 
nerve 

Rises 

Constriidcd 

Shrinks 

Diminished 

Injection of normal .saline 

Rises 

Dilated 

Swells 

Increased 

Haemorrhage , 

Falls 

Constricted 

Shrinks 

Diminished 


These results have been obtained also by Richards and Plant, 
who have shown that they are independent of tlie blood- flow. 
Similarly, increasing the pressure in the tubules by obstructing 
the out-flow of urine in a denervated kindey causes the production 
of urine similar in amount and quality to that produced after 
lowering the arterial pressure (Winton). 

It has also been shown that substances may pass through the 
glomerular membrane in accordance with the size of their molecules, 
as would occur in the case of purely physical membrane. Protein 
and hfcmoglobin are not normally excreted, but may appear if the 
glomerular epithelium becomes damaged by inflammatory states. 

The formation of urine is then almost identical with the 
production of tissue fluid and lymph. 

The Function of the Tubules. 

Selective Reabsorption. — Since the kidney has two sets of 
capillaries in series, it is evident that the blood-pressure in the 
capillaries. of the tubules must be less than in tlioso of the glomeruli 
and that the effect of the osmotic })ressurc of the blood will bo 
relatively greater in the tubules. The idea that the reabsorption 
of water might take place in the tubules had this anatomical basis 
and was put forward by Ludwig to account for the concentration 
of the urine. 
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T1i( 3 (lovektpnient oi’ accurate chemical analysis of blood and 
urine Hhowe<l, however, that the various substances which might be 
filtered ol‘f in the glomeruli must be absorbed to different extents, 
for it was found that they were not all concentrated to the same 
extent and that only some were finally excreted. Cushny and 
subsequently Eichards and also Winton have put forward evidence 
of a selective reabsorption which depends on a vital activity of the 
cells of the tubules and which involves the use of oxygen. The 
substances which have fixed concentration or threshold in the blood, 
such as sugar and chlorides, which are reabsorbed, are considered 
to be threshold su]>stances and others which are fully excreted are 
non-thresliold siihstaiuies. 

The examinatujii of minute specimens withdrawn directly from 
(1 liferent parts of the tubules indicates that glucose is reabsorbed 
in the proximal part of the tubule and that water and chloride are 
reabsoi'bed chiefly in the distal part (White and Schmidt). 

There is indeed some similarity between tubular and intestinal 
activity. Filtration and reabsorption are now recognised as occurring 
togethiu’ in the case of the lymph. In early days there was some 
debate as to whether there was time for the urine to bo concentraled 
in its })assage down the tubules, but the number of tubules is so 
numerous that the amount necessarily absorbed by a tubule of o cms. 
in length need only be 1'4 mg. of water per day. Moreover, it has 
been found by elirect tubular sampling that inulin when injected 
into the blood is excreted solely by the glomeruli and not reabsorb(^d 
is conctmtrated more than 100 times, which is adequate to account 
for the concentration of all other substances in the urine with 
the exception of those formed by the kidney (ammonia and hippuric 
acid) (Eichards). 

Excretion. — The apparent failure of filtration and reabsorption 
to explain the concentration of the urine from a simple blood filtrate 
led originally to the view that certain substances such as urea and 
creatine were “ secreted into the urine (Bowman). 

^ That the tubules can act as purely excreting organs is seen 
in certain fishes in which glomeruli are absent and produce normal 
urine. 

It has been found, too, that a kidney which is cooled or which 
has been i)oisoned with cyanide which reduces oxidation processes 
excretes less urea and sulphates, while there is an increase of 
chlorides and of water. This suggests that the vital mechanism 
for excretion of urea and sulphate and for absorption becomes 
impaired (Starling and Verney). Moreover, if the production of 
urine is prevented by raising the pressure in the ureters the injection 
of urea causes the production to recommence, a fact which is very 
difficult to explain by filtration and reabsorption. 
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Marshall also has found that the excretion of phenol-red in 
dogs is much greater than can he obtained by tlio filtration of a 
solution of this substance in plasma through a collodian membrane 
having otherwise similar permeability to that of a glomei ulus. 

It is evident that the kidney can elaborate new substances such 
as hippuric acid from glycine tind benzoic acid when the latter is 
administered. It can also form aminoniuin salts by breaking down 
urea when necessary to neutralise acids which may be added to the 
blood. In similar circumstances it forms from organic phosphate 
and excretes a larger proportion than normally of acid sodium 
phosphate and this function has by specimens taken direct from 
the tubules been located to a small region of the distal tubule. 

This latter finding above em])hasises the specialised activity of 
certain of the tubules as their histological structure suggests and 
that it is quite reasonable that some cells of the tubules excrete or 
secrete as suggested by llowman and that others arc more concerned 
with rcabsorption. This is supported by the findings in disease 
in which it is found that the kidney’s power to concentrate different 
substances may be appreciably altered. 

Extirpation of the Kidneys. 

Extirpation of one kidney for tuberculosis, etc , is a common 
operation. It is not followed by any untoward result. The 
remaining kidney, if healthy, enlarges and does the work previously 
sliared between the two. In dogs as much as a kidney and a half 
have been removed without any diminution of excretion. 

Extirpation of loth kidneys is fatal ; the urea, etc., accumulate in 
the blood, and the animal dies in a few days ; uncniic convulsions 
do not usually occur in such experiments. 

Ligature of hoik renal arteries leads to the same result as 
extirpation. Partial compression of the renal arteries leads to the 
accumulation in the blood of a substance which raises the blood- 
pressure. This probably accounts for the high blood-pressure in 
kidney disease. 


The Control of Kidney Secretion. 

Unfortunately we have very little exact information on this subject, 
but on account of the nerve supply of the kidney we must assume that 
there may be considerable nervous control of urinary secretion. 

The Nerves of the Kidney. — These are derived from the 
renal plexus of each side. The renal plexus consists of both 
medullated and non-medullated nerve-fibres, with collections of 
ganglion cells. Fibres from the anterior roots of the eleventh, 

S 2 
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twelftli, and tliirteenth thoracic nerves (in the dog) pass into 
tliis plexus. They are botli vasoconstrictor and vasodilator in 
function. The nerve-cells on the course of the constrictor fibres are 
situated in the coeliac, mesenteric, and renal ganglia; the nerve-cells 
on the course of the dilator fibres are placed in the c(cliac plexus and 
reual ganglia. The vagus also sends branches to the renal plexus 
(Cunningliam). We have, at present, no knowledge of true secretory 
nerves to the kidney, and the amount of urine is influenced, to a 
certain extent at any rate, by the blood-pressure in its capillaries. 
The amount, however, of urine does not depend wholly on the height 
of the blood-pressure ; and one very striking fact in this relation may 
be mentioned now, — namely, that if the blood-pressure is increased 
without allowing the blood to flow, the amount of urine formed is 
not increased; this can be done by ligaturing the renal vein; the 
blood-])ressuro within the kidney then rises enormously, ])ut the flow 
of urine stops. 

The diuresis pnaluced by the ingestion of a given anujuiit of 
water is reduced by exercise (Pembrey), and sensory stimulation 
has ]iow been shown to occur in denervated as well as normal 
kidneys. There must be reciprocal control of the excretions of fluid 
by the skin and by the kidney, but how far this depends on the 
concentration of the blood we do not know. The concentration of 
the blood may be wholly respojisible. 

It is evident that the pituitary body is also concerned with 
kidney secretion, since the injection of an extract of the posterior 
lobe of that organ causes a reduction of urinary flow in unana?sthc- 
tised man and use is made of this inaction in the treatment of 
diabetes insipidus, a condition of polyuria without excess of sugar in 
the urine. Starling and Verney have shown that apparently the 
pituitary controls the excretion of the chlorides and thus indirectly 
affects the elimination of water. 


Kidney Efficiency. 

The efficiency of the kidney may be judged conveniently by its 
power to concentrate urea (see p. 5fi2). It appears that this power 
runs parallel with its capability of excreting dyes such as indigo- 
carmine and piienolsulphonephthalein. The dye is injected intra- 
venously and 70 per cent, is normally excreted in two hours. Since 
ana3sthesia may cause slight renal impairment to become serious, it 
is often important to perform tlie test prior to an operation. Such 
tests are also carried out when attempts are being made to determine 
how far kidney disease has progressed, and what the future of the 
patient may be. 
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Micturition. 

As each poriitJii of urine is secreted it propels that which is 
already in the uriniferous tu])es onwards into the pelvis of the 
kidney. I’hence, through the ureter, the urine passes into the bladder, 
into whicli its rate and mode of entrance have been watched by 
means of the cystoscope, or in patients in whom the lower anterior 
abdominal wall and the anterior wall of the bladder is absent. 
The mine does not enter the bladder at any regular rate, nor is there 
a synchronism in its movement through the two ureters. During fast- 
ing, two or three drops enter the ])ladder every minute ; each drop as 
it enters first raises up the little papilla through which the ureter 
opens, and then passes slowly through its orifice, which at once 
closes again like a sphincter. Its How is aided by the peristaltic 
contractions of the ureters, and is increased in deep inspiration, 
by straining, in active exercise, and in the first fifteen or twenty 
minutes after a meal. The urine is prevented from regurgitation 
into the ureters by the mode in which these pass through the 
walls of the bladder, namely, by their lying between half and three- 
quarters of an inch between the mus(uilar and mucous coats before 
they turn rather abruptly forward, and open through the latter into 
the interior of the bladder. 

The efferent nerves to the bladder fall into two sets: — (1) The 
7iervi eritjentes; these are undoubtedly the more important of the 
two. Stimulation of these nerves causes contraction of the liladder, 
and relaxation of its sphincter, the two necessary acts by which the 
urine is expelled. (2) The hypo(jastric nerves; })re-ganglionic fibres 
leave the cord in the lumbar region, pass thence to the inferior 
mesenteric ganglion, from the cells of which the post-ganglionic 
fibres ultimately reach the bladder by the hypogastric nerves. Much 
difference of opinion has been expressed regarding the action of these 
nerves. The effect of stimulation appears to depend on the degree 
of anaesthesia used and the degree of tension present. Stimulation 
of either causes contraction of the flaccid bladder and relaxation of 
the contracted bladder. In man, however, there is evidence of 
antagonism, for it has been found that dillicult micturition resulting 
from lesions of the jielvic nerve are relieved by sympathetic section 
(Learmonth). 

Fundamentally, micturition may be considered a reflex act. It is 
so in young children and when there is injury to the upper part of 
the spinal cord. 

The desire to void the urine arises from a sense of fullness of 
the bladder, and the increase of pressure there is an important factor 
in the causation of the reflex. In the dog’s bladder a pressure of 
20 cms. of water sets the reflex in action (Mosso). Other factors are 
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also concerned, for the desire is often out of proportion to the dis- 
tension of tlio bladder; of these factors the tonns (Sherrington’s 
'‘postural condition”) of the bladder, irritability of sensory nerve- 
endings and of nerve-centres, and the reaction and composition of 
urine may bo mentioned. The reflex is abolished by cocainising the 
bladder. 

The afferent impulses so produced pass to the central nervous 

system by tlie pelvic nerves and set up a reflex through the 

hind-brain. There are, however, subsidiary arcs in the lumbo-sacral 
cord and these are able to take over control in inaii and animals 
if the spinal cord is injured. 

After injury the reflex state, however, does not supervene 
immediately. At first there is complete flaccidity and simple 
overflow, but after some weeks if the lower part of the spinal cord 
is intact the intermittent emptying reflex returns. 

formally there is superimposed upon the basal reflexes a 
voluntary control When the bladder is sufliciently full and 
a certain internal tension reached there is a desire to micturate, 
but the point at which this occurs probably depends on the tone 
of the bladder, the composition of the urine, and the irritability 

of the bladder walls. If the desire is resisted the bladder relaxes 

slightly and the desire passes off. The pressure, however, does 
not quite return to its previous level, but there is adaptation of the 
bladder to its contents at a slightly higher pressure. This adapta- 
tion can bo shown if fluid is injected into the bladder through 
a catheter, and is prol)a])ly an adaptation to the needs of immediate 
physical exercise, for adrenaline lias been shown to cause a marked 
relaxation. 

Ft is at first easy to ignore the desire to micturate but becomes 
increasingly difheult as the pressure in the bladder rises. Micturi- 
tion from a half-full bladder is much more a voluntary act and 
in some cinmmstances is difheult. This is not to be confused 
with the difficulty in emptying an excessively full bladder which 
has become partially paralysed by the internal pressure. 

The act of micturition in the adult consists of the relaxation 
of the external sphincters and contraction of the bladder assisted 
commonly by the contraction of the abdominal muscles. This 
results in a small quantity of urine reaching the upper part of 
the urethra, and this has been shown experimentally to set up 
a further set of reflexes which enhances the contraction and 
brings about full relaxation of the internal sphincters. Mechanical 
compression of a full bladder will bring about the reflex which is 
said to depend on pathways through the mid-brain. At the 
commencement of micturition the pressure of urine in the bladder 
may roach 1000 mm. of water. Sometimes, especially if the neck 
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of the bladder has become irritable from the deposition of crystals 
precipitated from the urine, the contraction of this part may be 
so violent that there is discomfort or even intense pain. This is 
not uncommon in students as a result of the deposition of alkaline 
phosphates. It is relieved by rendering the urine acid — and the 
taking of diluents. 

If urine is voided too frequently, the cause may be (1) peripheral, 
as in infianimation of the bladder ; here the organ is unduly sensitive 
to the pressure of fluid; or (2) central, as in cases of fear and 
excitement ; here the sensibility of the vesical centre is heightened. 

Sometimes in young persons and in animals great difficulty is 
experienced in beginning micturition because of nervousness. The 
act is facilitated by the sound of running water or by placing the 
hands in water. This suggests that the normal retention of urine 
may become exaggerated rellexly and the view that the retention 
becomes a conditioned reflex is still further supported by the fact 
that a puppy in which the retention reflex is not fully formed may 
pass urine under the influence of an extraneous stimulus. This 
appears to be the release of a conditioned inhibition. The idea that 
the normal holding of the urine ])ccomes a conditioned r(diex we owe 
to Pavlov. 
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THE URINE 

Quantity. — A inaji of average weight and heiglit j>ro{luees from 
1400 to 1600 C.C., or a])out 50 fluid oz. daily. The quantity, 
however, may vary enormously from day to day and from hour to 
liour according to the amount of fluid taken and to the amount of 
wat(jr exorete<l in otlier ways. If sweating is increased the quantity 
of the urine is correspondingly reduced. When metabolism is 
reduced to a minimum during sleep very little urine is secreted. 

Colour. — 'This is some shade of yellow which varies consider- 
ably with the concentration of the urine. It is due to a mixture of 
pigments ; of these the most abundant is a yellow one, originally 
named 'iirocliroine by Thudichum. 

Urolnlin . — The l)ile pigment in the intestines is converted into 
stercobilin, most of which leaves the body witli the faeces; some, 
however, is reabsorbed and is excreted into the urine, and is then 
called urobilin. It is normally present in small quantities only. 
A chromogen or mother-substance called urobilinogen, which by 
oxidation — for instance, standing exposed to the air — is converted into 
the pigment proper, is moreabumlant than urobilin itself. In certain 
diseased conditions the amount of urobilin is considerably increased. 

UrocrytJbrin, the colouring matter of pink urate sediments, 
appears to be a small but constant constituent of urine, but its 
origin is unknown. Xormal urine contains also a trace of limmato- 
porphyrin, and the amount is increased in certain diseased states. 

Reaction. — The reaction of normal urine is acid ; this is due 
mainly to acid salts, of which acid sodium phosphate is the most 
important. The acidity of the urine is normally from pH 7 to 
pH 5 -6. It is more acid on an acid-producing diet such as meat 
and fat, but the acidity increases after exercise and when abnormal 
acids are taken or are produced during metabolism as in diabetes. 
Under certain conditions the urine becomes less acid and even 
alkaline ; the most important of these are as follows : — 

1. A diet of fruit and vegetables contains an excess of salts of 
organic acids, e.g. citric, tartaric, which are oxidised to carbonates 
and make the urine alkaline. Whole cereals, e.g. rice, like meat 
cause an acid urine because of the sulphur they contain. The 
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reaction of the urine has a very considerable practical importance. 
In an alkaline urine phospliates arc likely to precipitate and cause 
irritation of the neck of the bladder and bacteria are liable to 
flourish. In infections of the urinary tract the treatment consists 
of makin<^^ tlie urine very acid and to secure this the diet is of 
pjimary importance. Acid sodium phosphate, ammonium chloride, 
and mandelic acid are given also for this purpose, but sucli drugs 
are of jio value unless strict attention is paid to the diet. Of 
recent years a ketogenic diet composed largely of fat with insufficient 
car])ohydrate to promote its combustion has been much used, 
but for some unexplained reason normal persons adapt themselves 
— like Eskimos — and burn fat fully. Whenever the acidity of the 
urine changes there is usually a change in the ammonia-urea ratio. 

2. During digestion and in the forenoon. Here there is a 
formation of free acid in the stomach, and a corresponding liberation 
of bases in the blood, which, passing into the urine, diminish its 
acidity, or even render it alkaline. This is called the alkaline tide. 
Loathes considers that respiration is more important than gastric 
secretion in the forenoon in producing the change. During sleep respi- 
ration is comparatively inactive; hence carbon dioxide accumulates, 
and the resulting rise in H-ion concentration is reflected in the urine. 
With the activity associated with daytime this effect passes off. 

Specific Gravity. — This varies inversely as the quantity of urine 
passed under normal conditions from 1015 to 1025. A specific 
gravity below 1010 should excite suspicion of hydruria or diabetes 
iiisi])idus; one over 1030, of a febrile condition, or of diabetes 
mellitus, in which it may rise to 1050. The specific gravity has, 
however, been known to sink as low as 1002 (after large potations, 
urina ^^otus), or to rise as high as 1035 (after great sweating and 
after sleep) in perfectly healthy persons. 

Composition. — The following table gives the average amounts of 
the urinary constituents passed by a man taking an ordinary diet 
containing a1)out 100 grammes of protein in the twenty-four hours, 
but it must be realised that many of the constituents may vary 
appreciably from hour to hour : — 


Total quantity of urine 

Water 

Solids 

Urea 

Uric acid 

Hippuric acid . 

Sodium chloride 

Phosphoric acid 


Grammes 

1500 00 I Sulphuric acid 
1440 00 1 Ammonia 
60*00 ' Creatinine 
35*00 Chlorine . 

0*75 : Potassium 
0*7 1 Sodium . 

16*5 Calcium . 

3*5 Magnesium 


Grammes 
2*0 
0*65 
0 9 
11*0 
2*5 
5*5 
0*26 
0*21 


The most abundant constituents of the urine are water, urea, and 
sodium chloride. In the foregoing table one must not be misled by 
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seeing the names of the acids and metals separated. The acids and 
bases are combined to form salts, such as urates, chlorides, etc. 

It is important to note that the constituents of urine, with the 
exception of hippuric acid and ammonia, are not formed by the 
kidney but that the kidney merely excretes them from the blood. 

The nitrogenous constituents, urea, ammonia, uric acid, hippuric 
acid, are the products of exogenous and endogenous protein metab- 
olism, The creatinine and part of the sulphuric acid (neutral 
sulphur) are the products of endogenous metabolism and are not 
affected by variation in the amount of protein in the diet. 


Urea. 


The origin of urea from amino-acids has already been dealt with 
(p. 523). The urea arising from the exogenous metabolism of protein 
is normally greater than that arising from endogenous metabolism, 
and varies in quantity directly with the protein of the diet. In a 
man in a state of nitrogenous equilibrium, taking daily 100 to 120 
grammes of protein in his food, the quantity of urea secreted daily 
is about 33 to 35 grammes (500 grains). The percentage in human 
urine woulil then be 2 per cent. ; but this also varies, because the 
concentration of the urine varies considerably in health. The 
excretion of urea is usually at a maximum three hours after a 
meal, especially after a meal rich in proteins. In those who adopt 
a reduced protein diet, Folin has shown that the decrease in urinary 
nitrogen falls mainly on the urea fraction, and in some cases the urea 
excreted accounted for only 66 per cent, of the total nitrogen. The 
other nitrogenous katabolites of the urine alter comparatively little 
under such conditions, and the creatinine in particular remains 
remarkably constant in amount. 

The time-honoured structural formula of urea as carbamide 


may require to be replaced, according to the work of 

Werner, by the cyclic formula H.N:C\. | i.e. iso-carbamide, 

0 


for reasons jilready discussed in relation to the origin of urea. Urea 
has the same empirical formula as ammonium cyanate (Nn 4 )CbrO, 
from which it was first prepared synthetically by Wohler in 1828. 
Since then it has been prepared synthetically in other ways. 
Wohler’s observation derives interest from the fact that this was 
the first organic substance ever prepared synthetically by chemists.* 


* Meldola has pointed out that the English chemist Henry Hennell prepared 
alcohol from olefiant gas simultaneously with Wohler’s synthesis of urea. The 
honour of founding the science of organic chemistry must, therefore, be shared 
between the two men. 
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Tt is I’oadily h()1u])1o both in water and alcoliol: it has a saltish 
taste, and is iKiutral to litmus paper. 

The form of its crysUits is shown in %. 201. When treated with nitric acid, 
nitrate of ur(‘a (CON.dlj . HNO,) is formed; this crystallises in octahedra, 
lozenge-shaped tablets, “or liexagons. When treated with oxalic acid, prismatic 
crystals of urea oxalate (CON.dli . ILC.P 4 -I H.X)) are formed. These crystals 
may be readily obtained by adding excess of the re.spective acids to urine which 
has been concentrated to a third or a quarter of its bulk. 

Under the inlluencc of a, miero-orgaiiism, tlie 7nicrococms 7irece, 
whicli grows readily in stale urine, 
urea takes up water, and is con- 
verted into ammonium car])onate 
[CONjr^-f 2TI,0 - (NHJ/JO,]. [lence 
the ammoniacal odour of putrid urine. 

By means of nitrous acid, urea is 
broken u]) into carbonic acid, water, 
and nitrogen, CON 2 H 4 + 21:1 NO., = 
(K) 2 -l- 3 H 20 -h 2 N 2 . The evolution of 
gas bubbles whhdi takes place on the 
addition of fuming nitric acid* may 
be used as a test for urea. 

The main reaction between sodium hyjiobrumite and urea may be 
repn^sented thus : — 

CON0H4 + 3 NaHrO - CO., -h N., -H 2H2O + 3 NaBr. 

[Urea] [Sodium [Carbon [Nitrogen] [Water] [Sodium 

liypobromite ] dioxidci J bromide J 

Side reactions of a com])lex nature also occur, and a small amount 
(less than 1 percent.) of (;arl)oii monoxide is ndxtjd with the nitrogen. 
Jhit the reaction may he used as a rough-and-ready method for 
estimating urea (s(*.o p. 578). 

Urcemia. — This is the term given to the rapidly fatal slate commonly assotuated 
with nneonseionsne.ss which results from severe disease of the kidney. The term 
was originally ajqihed on the erroneous supposition that it is urea or some ante- 
cedent of urea which acts as the poison. There is no doubt that the poison is 
not any constituent of normal urine ; if the kidneys of an animal are extirpated, 
the animal dies in a few days, but there arc no uriemic convulsions. In man, 
also, if the kidneys arc healthy, or approximately so, and suppression of urine 
occurs from the simultaneous blocking of both renal arteries by clot, or of both 
ureters by stones, again urHeniia does not follow. On the other hand, uraemia may 
occur even while a patient with diseased kidneys is passing a considerable amount 
of urine. What the poison is tliat is responsible for the convulsions and coma is 
unknown. It is doubtless some abnormal katabolic product, but whether this is 
produced by the kidney cells, or in some other part of the body, is also unknown. 

Urea Concentration Test (Maclean and de Wesseluw). — From 
a study of the table on p. 5G0 it is evident that the kidney has the 
power of concentrating urea. This power is the basis of a useful 
* Fuming nitric acid contains nitrous acid in solution. 
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test of kidney efficiency. After the administration of 15 grammes 
of urea in 100 c.c. of water, specimens of urine are taken one 
and two liours afterwards; the second specimen will contain above 
2 per cent, urea if the kidneys are acting normally. The factor 
obtained by dividing the concentration of urea in the urine by that 
in the blood, is also an indication of the urea-concentrating power 
of the kidney, but tlie test takes longer. In severe kidney disease, 
the figure, instead of being 90, may be reduced to 10. 

Urea Clearance Test (Van Slyke). — Tins test depends on the fact 
tlut the amount of urea excreted in a given time depends on the 
amount of urine passed and the concentration of the urea in the 
blood. ''Yor a given flow of urine the urine excretion ouglit therefore 
to bear a clefinih} relation to the concentration in the blood. 
Knowing the concentration of urea in the urine (U) and in the 
blood (P) and also the urine flow (V), we can describe the blood 

or ])lasma cleared as ^ x V. This method is now extensively used 

and it has the advantage that it does not depend on any special 
theory of kidney function. With a blood urea of 0‘03 per cent, and 
urinary liow of 2 c.c. per minute the amount of urea excreted ought 
to correspond to 76 (i.c. of blood. 

Kidney efficiency is also commonly judged by the power of the 
organ to excrete dyes. These tests give a more accurate indication 
of the kidney efficiency than the blood urea which does not accumu- 
late until almost three-quarters of the kidney liave been destroyed 
by disease since the slightest accumulation merely acts as a diuretic 
to the remaining healthy parts. 

Ammonia. 

The ammonia of the urine arises from the amino portion of 
deaminised amino-acitls. A small amount reaches the kidney direct 
from the tissues, but the majority appears to be formed in the 
kidney from the breakdown of urea. In man the daily amount of 
ammonia excreted varies between 0 3 and 1 2 grammes. The 
ingestion of ammonium carbonate does not increase the amount of 
ammonia in the urine, but increases the amount of urea, into which 
substance the ammonium carbonate is easily converted. But if a 
more stable salt, such as ammonium chloride, is given, it may 
appear as such in the urine. Some of the ammonia may, however, 
be converted into urea, and the hydrochloric acid may bring about 
a marked acidosis (Haldane). 

The Ammonia-Urea Ratio. — The ammonia in the urine is not 
to be considered what has been left over from the formation of 
urea, for this process is very complete. Eather it is the amount 
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of ammonia which the kidney needs to neutralise acid. Since, 
however, the kidney o])tains the ammonia from urea and amino- 
acids the more ammonia is excreted in the urine the less urea there 
will be. Normally, on a mixed diet the ratio is about 1 : 60. This 
indicates the amount of acid to be got rid of. When the production 
of acid is excessive, as in diabetes, excess of ammonium salts 
api)ears in the urine. A diminution in the output of ammonia 
occurs when there is an excess of alkali in the body. This 
takes place when alkali is administered, or on a vegetable diet. 
A decrease in the ammonium salts is accompanied by an increased 
alkalinity of the urine, since more alkali or less acid phosphate 
is excreted. That the ammonia is formed in the kidney is shown 
(Benedict) by the facts that if the kidneys are removed there is a 
re<luction of the ammonia of the blood and that there is normally 
more ammonia in the renal venous blood than in the arterial. This 
view is supported by the fact that in the acidaemia due to kidney 
disease the ammonia-urea ratio does not change (McLean), while 
it has been found that if the liver is removed there is no appreciable 
change in the ainount of ammonia excreted by the urine. 

It is of interest that if ammonium chloride is given to a 
herbivorous animal such as a rabbit, the urinary ammonia is but 
little increased. It reacts with sodium carbonate in the tissues, 
forming ammonium carbonate (which is excreted as urea) and sodium 
chloride. Ilerbivora also sulier much more from, and are more 
easily killed by, acids than carnivora, their organisation not 
permitting a ready supply of ammonia to neutralise excess of acids. 

It is important to emphasise that all that has been said in regard 
to ammonia refers to urine freshly passed. All urine, if allowed to 
stand, becomes ammoniacal, as a result of the breakdown of urea by the 
micrococcus urcce. 


Creatine and Creatinine. 

Creatine is a constant constituent of muscle; its chemical 
structure is very like that of arginine; it contains a urea radical, 
and when boiled with baryta it splits into urea and sarcosine 
(methyl-glycine), as shown in the following equation : — 

C4H9N3O2 + Hp - CON2H4 + C3H7NO2. 

[Creatine.] [Water] [Urea] [Sarcosine] 

At present the evidence aj^pears to be that the muscle does 
not make creatine but becomes saturated with it from the blood. 

Creatine is absent from normal urine, but it is present in the 
ij xino during starvation, in acute fevers, in women during involu- 
tion of the uterus, in the urine of infants, and in certain other 
conditions in which there is rapid loss of muscular material. 
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If it is administered by the mouth large amounts are retained 
and only appears in the urine if given in excess. 

Its normal fate in the body is unknown; it may bo converted 
into urea as in the foregoing equation, but injection of creatine into 
the blood-stream does not cause any increase in urea formation ; the 
creatine injected is almost wholly excreted unchanged but a proportion 
is stored in the muscles. 

Its normal origin is uncertain, but its excretion is much 
increased if glycine or glycine -rich proteins are fed (llrand). 
(/reatine is readily convertible into creatinine as shown in the 
following equation : — 

C4H9N3O2 ~ up = C4H.N3O. 

I Creatine ] [Water] [Creatinine] 


The role of creatine-phosphate in muscle contraction has already 
been discussed. Chemistry of Muscle.) 

Creatinine, on the other hand, is an end-product, probably of 
muscle metabolism. From 0'8 to 1'3 grammes are excreted in 
the urine in twenty-four hours; it is, in fact, next to urea, the 
most abundant nitrogenous substance in urine. The actiial amount 
excreted apparently in proportion to the weight of the individual, 
especially to the muscular tissue possessed. It is the substance 
most constant in amount, diet having no effect on it, ie. from 
endogenous metabolism. Exercise causes increased excretion followed 
by a diminution, but the daily excretion is markedly increased by 
training. The problem was studied particularly by E. Mellanby. By 
improved methods he showed that creatinine as such is never present 
in muscle at all, even after prolonged muscular work. He then 
studied in the developing bird the amount of creatine at dilferent 
stages, and found that it is entirely absent in the chick's 
musculature up to the twelfth day of incaibation ; after this date the 
liver and the muscular creatine (levelop pa7'i passu. After hatching, 
the liver still continues to grow rapidly, and the creatine percentage 
in the muscles increases also, although the development in tlie 
size of the muscles occurs very slowly. Moreover, ingested creatinine 
is not stored like creatine but is excreted unchanged. It would 
seem then that certain products of protein katabolism, the nature 
of which is uncertain, are carried by the blood to the liver, and 
from these the liver forms creatine; this is transi)orted to the 
muscles and there stored as creatine-phosphoric acid; when the 
muscles are saturated with creatine, excess of creatinine is then 
excreted by the kidneys. Its formation by the liver from amino- 
acids is suggested by the small amount excreted in diseases of 
that organ. 
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During muscular exercise the creatinine of the urine is increased 
but afterwards is e^iually <liminislied. I’his suggests that when 
creatine is set fi-ee in the muscles by the breakdown of crcatiiui- 
])lies})]iat(; some becomes converted into creatinine, ])ut that subse- 
(|uentl}yf?om(; is resyiilbesised to ereatine-pliospliate. 

^ -Blood' Creatinine. — Normally tliis is 1 to 2 mg. per 100 c.c. 
i)ut liguiiis oV(;r 3 mg. are found in kidney disease. High values, 

over 5 mg., indicate an early death in 
chronic inflammation of the kidney. 

Uric Acid. 

Uric Acid (C 6 N 4 H 4 O 3 ) is, in 
mammals, the medium by which a very 
small quantity of nitrogen is excreted 
from the body. It is, however, in 
birds and some reptihis the principal 
nitrogenous constituent of their urine. 
In an acid urine it may be ])rccipi- 
tated, but in an alkaline urine it ocjcurs 
as urates. 

It may be obtained from Imman urine by 
adding 5 c.c. of hydrochloric acid to 100 c.c. 
of the urine, and allowing the mixture to stand for twelve to twenty-four hours. 

The pure acid crystallises in colourless rectangular plates or prisms. In 
striking contrast to urea it is almost an insoluble subsbince. The forms which 
uric acid assumes when precipitated from human urine, either by the addition 
of hydrochloric acid or in certain pathological processes, are very various, the 
most frequent being the whetstone shape ; there are also bundles of crystals 
resembling sheaves, barrels, and dumlj-bclls (see fig. 202). 

The murexlde test is the principal test for uric acid. The test has received 
the name on account of the resemblance of the colour to the purple of the ancients, 
which was obtained from certain snails of the genus Mur ex. It is performed as 
follows : place a little uric acid or a urate in a cap.sule ; add a little dilute nitric 
acid and evaporate to dryness. A yellowish-red residue is left. Add a little 
ammonia carefully, and the residue turns violet ; this is due to the formation of 
purpurate of ammonia. On the addition of potash the colour becomes bluer. 

Urates. — Uric acid does not contain the earlioxyl group (COOH) 
which is typical of organic acids, and its reaction is neutral. 
Nevertheless its hydrogen atoms are replaceable, and it acts there- 
fore as an acid, and forms hiurates (MHU). In the presence of 
strong bases it forms neutral urates (M 2 U), which, however, only 
exist in the solid condition, or in the presence of strong alkali ; by 
water they are decomposed at once into primary urate and alkali. 

In the urine and in blood are biurates mixed with uric acid 
(MHU . HgU), the so-called quadriurates (Eoberts). In gout the 
urates of the blood are increased and may be converted into less soluble 
isomeric forms which become deposited in the joints and other tissues. 



Fig 202 —Various forms of unc acid 
crystals 
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The quantity of uric acid excreted by an adult varies from 
0-5 to 0 76 (gramme daily. 

The origin of uric acid is dealt witli under Nucloo-Protein 
Metabolism. Tlie acid is formed not in the kidm^s, hut as the 
result of metabolic processes occur- 
ring elsewhere, since if the kidneys 
are removed, uric acid continues to be 
fonned and accumulates in the blood 
and organs. 

Hippuric Acid. 

Hippuric Acid ( 09 n 9 N 03 ), com- 
bined with bases to form hippurates, 
is present in small quantities in human 
urine, but in large quantities in the 
urine of horbivora. This is due to 
the food of horbivora conlainiiig sub- 
staaices belonging to the aromatic 
group — the benzoic acid series. if 
benzoic acid is given to a man, it unites with glycine with the 
elimination of a molecule of water, and is excreted as hippuric acid. 

CH.3 . N H, CH,N H . CO . 

CJI.^.COOH +1 I ^ + 11,0 

COOH coon 

[Boiuoic acid ] LOlyciuo 1 lllilipuru' acul 1 I Water] 

lliis is a well-marked instance of synthesis carried out in the 
animal body, and ex])erimontal investigation shows that it is accom- 
plished by the living cells of the kidney itself; for if a mixture of 
glycine, benzoic acid, and blood is injected through the kidney (or 
mixed with a minced kidney just removed from the body of an 
animal), hippuric acid is found to have been formed. Tn the 
conversion of benzoic into hippuric acid which occurs in herbivora, 
the necessary glycine comes from the kidney itself. 

The Inorganic Constituents of Urine. 

The inorganic or mineral constituents of urine are chiefly chlorides, 
phosphates, sulphates, and carbonates ; the metals with which these 
are in combination are sodium, potassium, ammonium, calcium, 
and magnesium. The total amount of these salts varies from 19 to 
25 grammes daily. The most abundant is sodium chloride, which 
averages in amount 10 to 16 grammes per diem. These substances 
are derived from two sources — from the food, and as the result of 
metabolic processes. 
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Chlorides. — 'J'ho chief chloride is that of sodiiini. The ingestion 
of sodiinn chloride is followed by its appearance in the urine, some 
on the same day, some on the next. Some is decomposed to form 
the liydrochlorie acid of the gastric juice. The salt in the body 
fulfils the useful olUce of stimulating metabolism and secretion. 

Sulphates. — The sulphates in the urine are principally those 
of potassium and sodium, and arise normally from the sulphur- 
containing amino-acid cystine and its decomposition prodm^t ethyl 
mercaptan (CoH^vSlI). The sulphates vary in amount from 1‘5 to 3 
grammes daily. 

The sulphur of the proteins of the diet in passing through the 
liver becomes completely oxidised to form inor(ja7iic sul 2 )hates. That 
however which is derived from brealcdown of cystine of body 
proteins for the most part escapes the liver which from the circu- 
latory point of view is parallel to the kidney and is not converted 
into ordinary sulphates to any great extent, but appears in the urine 
partly as ethereal sulphates, and partly as certain obscure but not 
fully oxidised sulphur compounds * ; it is usually spoken of as neutral 
or unoxidised sulphur, which therefore, like creatinine, bears a direct 
relation to endogenous metabolism. 

The ethereal suljdiates just mentioned form about a tenth of the 
total sulphates. They are combinations of sulphuric acid with 
organic radicals, and the greater part of them originate from putre- 
factive changes in the intestine. The chief of these ethereal 
sulphates are phenyl-sulphate of potassium and indoxyl-sulphate of 
potassium. The latter originates from the indole formed in the 
intestine, and as it yields indigo when treated with certain reagents 
it is sometimes called indican. 

The formation of these sulphates is important; the aromatic 
substances liberated by putrefactive processes in the intestine 
are poisonous, but their conversion into ethereal sul])hates renders 
them harmless. 


The equation representing the formation of potassium phenyl-sulpliate is as 
follows : — 

C.H 5 OH -I f H,0. 

iriienol ] [Potassium [Pota'^siuin [Water ] 

hydrogen plionyl-sulphate ] 
sulpliate ] 

Indole (CgH-N) on absorption is converted into indoxyl : — 


* These include cystine, oxyproteic acid, alloxyproteic acid, and methyl 
mercaptan. 
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The equation representing the formation of potassium indoxyl-sulphate is as 
follows : — 

C,H,NO + + H,0. 

[Indoxyl.] [Potassium [Potassium [Water.] 

hydrogen indoxyl-sulphate.] 

sulpliate.] 


Carbonates. — Carbonates and bicarbonates of sodium, calcium, 
magnesium, and ammonium are present only in alkaline urine. They 
arise from the carbonates of the food, or from vegetable acids (malic, 
tartaric, etc.) in the food. They are therefore found in the urine 
of herbivora and vegetarians, whoso urine is thus rendered alkaline. 
Urine containing carbonates becomes, like saliva, cloudy on standing, 
the precipitate consisting of calcium carbonate and also phosphates. 

Phosphates. — Two classes of phosphates occur in normal urine, 
but the actual salts found depend on the reaction of the urine. 

(1) Alkaline phosphates — that is, phosphates of sodium (abundant) 
and potassium (scanty). 

(2) Earthy phosphates — that is, phosphates of calcium (abundant) 
and magnesium (scanty). 

The composition of the phosphates in urine is liable to variation. 
In acid urine the acidity is due chiefly to the acid salts, sodium 
dihydrogen phosphate, Nai 12X^04, and calcium dihydrogen phosphate, 
Ca(H2P04)2. 

In alkaline urine the alkaline phosphates, disodium hydrogen 
phosphate, ]SraoHr04, calcium hydrogen phosphate, CallPO^, and 
magnesium hydrogen phosphate, MgHPO^, predominate. In neutral 
urine there is a mixture of the acid and alkaline salts. 

The earthy phosphates are precipitated by rendering the urine 
alkaline by amjnonia. In decomposing urine, ammonia is formed 
from the urea. The phosphates are precipitated as a white creamy 
precipitate of : — • 

(1) Triple phosphate or ammonio - magnesium phosphate 
(NH^MgPO^ + GHgO). This crystallises in “ coftin-lhr' crystals (see 
%. 204) or feathery stars. 

(2) Stellar phosphate, or calcium phosphate ; this crystallises in 
star-like clusters of prisms. 

As a rule normal urine gives no precipitate when it is boiled ; but 
sometimes neutral, alkaline, and occasionally faintly acid urines give a 
precipitate of calcium phosphate when boiled because of the dissolved 
CO2 being driven off: this precipitate is amorphous, and is liable to be 
mistaken for albumin. It may be distinguished readily from albumin, 
as it is soluble in a few drops of acetic acid, whereas coagulated 
protein does not dissolve. 

The phosphoric acid in the urine chiefly originates from the 
phosphates of the food, but is partly a decomposition product 
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of tlie phospliorised organic materials in the body, such as lecithin 
and nuclein. It has ])een found that to supply this waste a supply 
of 2‘25 grannues PO^ is necessary but the diet is not usually 
deficient and the amount of P 2 O 5 in the 
twenty-four hours’ urine varies from 2 ‘6 
to 3*5 grammes, of whicli the earthy 
phosphates contain about half (1 to 
1'5 gr.). The urine also contains minute 
quantities of organic phosphates, for 
instance, glycero-phosphates. 

Tests for the Inorganic Salts of Urine. — 
Chlorides . — Acidulate with nitric acid and add 
silver nitrate ; a white precipitate of silver 
chloride, soluble in ammonia, is produced. The 
object of acidulating with nitric acid is to prevent 
phosphates being precipitated by the silver nitrate. 

Sulphates . — Acidulate with hydrochloric acid, 
and add barium chloride. A white precipitate 
of barium sulj)hate is produced. Hydrochloric 
mentation. jy. again added first, to prevent precipitation 

of phosphates. 

Phosphates.- i. Add ammonia; a white crystalline precipitate of earthy (that is, 
calcium and magnesium) phosphates is produced. This becomes more apparent on 
standing. The alkaline (that is, sodium and pobissium) phosphates remain in solution, 
ii. MiK another portion of urine with half its volume of nitric acid ; add ammonium 
molybdate, and boil. A yellow crystalline precipitate falls. This test is given by 
both clas.ses of phosphates. 



Fid. 204. --Urinary sedimenfc of triple 
phospliatc.*! (largo pn.smat.io crystals) 
ami urato of ammomuni, from urme 
winch had undergone alkaline fer- 


Urinary Deposits. 

The formed or anatomical elements may consist of blood- 
corpuscles, pus, mucus, epithelium cells, spermatozoa, casts of the 
urinary tubules, prostatic threads, fungi, and entozoa. All of these, 
with the exception of a small quantity of spermatozoa and mucus 
which forms a tlocculent cloud in the urine, are pathological, and 
the microscope is chielly employed in their detection. 

The chemical substances are uric acid, urates, calcium oxalate, 
calcium carbonate, and phosphates. Karer forms are leucine, 
tyrosine, xanthine, and cystine. These are of considerable importance 
in medicine, as their formation in the urinary passages may lead to 
the formation of ''stone” or of "gravel,” which leads to obstruction 
or to pain. The recognition and treatment of the condition depends 
on th(i ndcroscopical examination of the deposits. We shall, however, 
here consider only the commoner deposits. 

Deposit of Uric Acid. — This is a sandy reddish deposit resembling 
cayenne pepper, occurring in an acid urine. It may be recognised by 
its crystalline form (fig. 202, p. 566) and by the murexide reaction. 
The presence of these crystals generally indicates an increased 




CH. XXXVII.] 


PATHOLOGICAL URINE 


571 


formation of uric acid, and, if excessive, may lead to the formation 
of stones or calculi in the kidney and bladder. 

Deposit of Urates. — This “brick dust” deposit is much 
commoner than uric acid, and may occur in concentrated normal 
urine when it cools. It is generally found in the concentrated 
urine of fevers ; and there appears to be a kind of fermentation, 
called the acid fermentation, which occurs in the urine after it has 
been passed, and which leads to the same result. It has a pinkish 
colour due to the pigment uro-erythrin, and dissolves upon warming 
the urine. It is usually amorphous, but crystalline forms similar to 
those depicted in fig. 204 may occur. Crystals of calcium oxalate 
may be mixed with this deposit (see fig. 205). 



Deposit of Calcium Oxalate. — Tlii.s occurs in envelope crystals (octahedra) or 
dumb-bells. It is insoluble in ammonia, and in acetic acid. It is soluble with 
difficulty in hydrochloric acid. Calcium oxalate calculi are the commonest kind of 
stones found in the kidney. 

Deposit of Cystine. — Cystine (C^Him,NoS 204 ) is recognised by its colourless 
six-sided crystals (fig. 206). These arc rare : they occur only in acid urine, and 
they may form concretions or calculi. Cystinuria (cystine in the urine) is 
hereditary. 

Deposit of Phosphates. — These occur in alkaline urine. The 
urine may be alkaline when passed, due to fermentative changes 
occurring in the bladder. All urine, however, if exposed to the air 
(unless the air is perfectly pure, as on - the top of a snow mountain) 
will in time become alkaline, owing to 'the growth of the micrococcus 
urece. This forms ammonium carbonate from the urea. 

CON,H, + 2H.p = (NHJpOg. 

[Urea. I [Water.] [Ammonium 

carbonate. ] 

The ammonia renders the urine alkaline and precipitates the 
earthy phosphates. 
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All these phosphates are dissolved by acids, such as acetic acid, 
vvitlioiit oifervescence. 

A solution of amraonium carbonate (1 in 5) eats magnesium phosphate away 
at tiie edges ; it has no effect on the triple phosphate. A phosphate of calcium 
(CaIIP 04 4 2 H 2 O) may occasionally be deposited in acid urine. Pus in urine is 
apt to be mistaken for phosphates, but can be distinguished by the microscope. 

Deposit of Calcium Carbonate, CaCO^, appears but rarely as whitish balls 
or biscuit-shaped bodies. It is commoner in the urine of hcrbivora. It dissolves 
in acetic or hydrochloric acid, with effervescence. 


Pathological Urine. 

Under this head we shall briefly consider only those abnormal 
constituents which are most frequently met with. 

Proteins. — There is no protein in piormal urine,* and the most 
common cause of the appearance of albumin in the urine is disease 
of the kidney (J^right’s disease). The term “ albumin ” is the one 
used by clinical observers. Properly speaking, it is a mixture of 
serum albumin and serum globulin. 

Tefits. — (1) Heat — Boil the top layer of half a test-tubeful of 
urine. If protein is present a cloud or a denser coagulum appears. 
The urine, if not already acid, should' be previously acidified with 
acetic acid, as otherwise a cloud of phosphate may appear on heating 
because of expulsion of 00.^; the cloud of phos^^hate is soluble in 
acetic acid. (Compare Pus beloW.) 

(2) Nitric Acid (Heller). — Kuii a drop of cold, concentrated nitric 
acid down the side of a test-tube containing a little urine. If 
protein is present a x>TCcipitate appears round the drop. 

(3) Salycylsulphonic acid causes a white precipitate in the cold 
if protein is present. 

Glucose. — Normal urine contains no sugar or so little that for 
clinical purposes it may be considered absent. The conditions in 
which glycosuria occurs are described on p. 514. Diabetic urine 
also contains /^-hydroxybutyric acid, and may contain and yield on 
distillation, for reasons described in relation to the metabolism of 
fat (p. 521), acetone and aceto-acetic or diace tic acid. The 
presence of the aceto-acetic acid is specially important, and it 
indicates also the probable presence of ^-hydroxybutyric acid. The 
specific gravity of a urine containing sugar is high. 

Tests for Glucose.— {\) Take 5 c.e. of Benedict’s solution and add 8 drops 
of urine and boil for 10 minutes. Greenish turbidity with small red deposit on 
standing - trace. Precipitates indicate amounts — greenish-yellow 4 , yellow f- ^ , 
orange I- 4 - -f , brick-red l 4 |- 4 . 

(2) The fermentation test. Half fill a test-tube with the urine and add a little 
yeast. Fill up the tube with mercury ; invert in a basin of mercury, and leave it 
in a warm place for twenty-four hours. The sugar will undergo fermentation ; 
carbonic acid gas accumulates in the tube, and the liquid no longer gives the tests 
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for sugar, or only faintly, but gives those for alcohol instead. The specific gravity 
falls. The phenyl-hydrazine test may also be applied to distinguish between glucose, 
lactose, and pentose. 

The following Fallacies in Fehling’s test should ])e noted : — 

(1) Lactose may occur in the urine of nursing mothers. 

(2) Fructose, pentoses, and other sugars are found but rarely. 
Pentoses occur in certain indivicluals after the eating of certain 
fruits, apples, plums, cherries, and turnips, and sometimes after beer. 

(3) Glycuronates. — These are present when the body is getting 

rid of certain abnormal substances, G.g. phenols formed from intestinal 
decomposition, or certain drugs, chloral, camphor, salicylates, chloro- 
form, turpentine, morphine. These substances become linked to 
glycuronic acid an oxidation product of glucose. The 

terminal (JlIO is free and reduces the copper like glucose itself. 
This, like the formation of ethereal sulphates, is an example of 
protective synthesis and appears to occur in the liver. 

(4) Homogentisic Acid. — This occurs in the rare condition of 
alka2)tonuria, which results from the faulty metabolism of tyrosine. 
The urine if exposed to the air becomes dark. 

Discolorisation of the Fchling’s solution, usually without actual reduction, may 
be caused by excess of urates or creatinine. 

liotJm'iis Test for Acetone — Saturate the urine with ammonium sulphate, so 
as to leave some crystals undissolved at the bottom of the tube. Add a few drops 
of a fresh dilute solution of sodium nitroprusside and a little 10 per cent, ammonia. 
Acetone gives a purple permanganate coloration. If the colour develops rapidly 
and deeply, aceto-acetic acid is also present. 

Test for Aceto-acetic Acid. — Ferric chloride gives a wine-red colour which is 
destroyed by boiling. Aceto-acetic acid results from faulty fat metabolism, and 
may therefore be present in diabetes, starvation, and hypoglycocmia produced by 
insulin. 

Bile. — This occurs in jaundice. The urine is dark-brown, 
greenish, or in extreme cases almost black in colour. 

Gmelin's test for bile 2 ngments consists in a play of colours — 
green, lilue, red, and finally yellow, produced by the oxidising action 
of fuming nitric acid (that is, nitric acid containing nitrous acid in 
solution). The end or yellow produet is called clioUtelin, 

The test is carried out by dipping a piece of filter paper into the 
urine, allowing it to dry and placing on it a small drop of the acid. 

Hays sulf)liuT test for bile salts. If some flowers of sulphur 
{i.e. finely powdered) are sprinkled on the surface of normal urine, 
it remains floating on the top. If bile salts are present even in 
small quantities, the fine sulphur particles fall down to the bottom 
of the vessel in which the urine is contained; this is due to a 
lowering of surface tension which bUe salts produce. 

Blood. — When hiemorrhage occurs in any part of the urinary 
tract, blood appears in the urine. If a large quantity is present 
the urine is deep red, if a small quantity only occurs then the urine 
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looks “smoky.” Microsoopic examination tlion reveals the presence 
of blood-corpuscles, and on spectroscopic examination the bands of 
oxyluemoglobin are seen. The urine also contains albumin. 

The blood pigment may, under certain conditions, appear in the 
urine without the presence of any blood-corpuscles at all. This 
is produced by a disintegration of the corpuscles occurring in the 
circulation. The condition so produced is called licemoglohinuria ; 
it occurs in several pathological states, as for instance in the tropical 
disease called “Black- water fever.” The pigment is in the condi- 
tion of methjemoglobin mixed with more or less oxylijemoglobin, and 
the spectroscope is the means used for identifying these substances. 

Test fo?' Blood Figment. — I’o a little urine in a test-tube add a 
few drops of guaiaconic acid (or of tincture of guaiacum, which is 
less sensitive) ; shake, and add an equal quantity of ether containing 
hydrogen peroxide. The presence of blood is shown by a blue ring 
at the junction of the two fluids. The blue colour is duo to oxidation 
of the guaiaconic acid by hydrogen peroxide in the presence of 
luemoglobin. The test is given by saliva, which contains peroxidases ; 
these are destroyed by boiling; solutions of haunoglobin (or blood) 
still give the test after they have been boiled. 

The urine of a patient who is taking iodides gives the guaiacum 
reaction, even after the urine has been boiled. 

Benzidine test . — A knife point of benzidine is dissolved in 3 c.c. 
glacial acetic acid and 10 drops of this mixed with 3 c.c. hydrogen 
peroxide. This gives no colour change. Blood causes a green or 
blue colour to appear in three minutes. 

Microscopie test. — Blood-corpuscles may bo seen after the urine 
has been centrifuged and the deposit examined. (The most reliable.) 

Mucus forms a flocculent cloudiness in the urine, insoluble in 
acetic acid, soluble in potash. A small amount occurs normally. 

Pus occurs in the urine as the result of suppuration in any part 
of the urinary tract. It forms a white sediment resembling that of 
phosphates, and, indeed, is often mixed with phosphates. The pus- 
corpuscles may, however, be seen with the microscope ; their nuclei 
are rendered evident by treatment with 1 per cent, acetic acid, and 
the pus-corpuscles are seen to resemble white blood-corpuscles, which, 
in fact, they are in origin. They dissolve in glacial acetic acid. 

Some of the protein constituents of the pus-cells — and the same 
is true for blood — pass into solution in the urine, so that the urine 
pipetted off from the surface of the deposit gives the tests for protein. 

On the addition of liquor potassee to the deposit of pus-cells, a 
ropy gelatinous mass is obtained. This is distinctive. Mucus treated 
in the same way is dissolved. 

Amino-Acids. — Normal urine contains traces of glycine. Leucine, 
tyrosine, and other amino-acids may be present after extensive 
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disintegration of tissue protein, suoh as occurs in acutes atrophy ol* 
tlie liver. In the latter condition urea is almost absent from th(i 
urine and there is a consid(;rable increases in tlie amm<mia. The 
amino-aeids in such circnmstanc<^s escapt; fnrtlier dccom])osition 
and pass unchang(Hl into the urin(\ Cystim^ ma>' occur as a ]are 
anomaly of metabolism. Associated with cystinuria one often finds 
diaminuria, that is, the passage of diamines into the mine; thesis 
are known as cadaverine (C5Hj4N'2^ and 

arii the result of the nanoval of CO2 from tlie diamino-ncids lysine 
and ornithine r(rs])ectively. 
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CHAPTER XXXVIII 


THE URINE {continued) 

Estimations 

Total Nitrogen. — Kjelilahl’s method of estimating nitrogen consists 
in l)oi]ing tlie material under investigation with strong siilpliuric 
acid. Tlie nitrogen is tlius converted into ammonium sulphate. 
Excess of soda is then added, and the ammoiiia distilled over into 
a known volume of standard acid. The amount of diminution of 
acidity in the standard enables one to calculate the amount of 
ammonia, and thence the amount of nitrogen. 

Urea. — I3y the more accurate urease method the urea is decom- 
posed into ammonia and carbonic acid by means of the enzyme 
urease of the soya-bean. The ammonia is then estimated as 
indicated below ; but as the urine always contains a little preformed 
ammonia, this has to be previously estimated and deducted from 
the total. The hypohromite method is most convenient. If the 
experiment is performed as directed below, nitrogen is the only 
gas which comes off, the carbon dioxide which is also formed being 
absorbed by the excess of soda. 

Dupre’s apparatus (fig. 207) consists of a bottle (A) united to a 
measuring tube by india-rubber tubing. The measuring tube (C) is 
placed within a cylinder of water (D), and can be raised and lowered 
at will. Measure 25 c.c. of alkaline solution of sodium hypobroniite 
(made by mixing 2 c.c. of bromine with 23 c.c. of a 40 per cent, 
solution of caustic soda) into the bottle A. Measure 5 c.c. of urine 
into a small tube (B), and lower it carefully, so that no urine spills, 
into the bottle. Close the bottle securely with a stopper perforated 
by a glass tube ; this glass tube (the bulb blown on this tube prevents 
froth from passing into the rest of the apparatus) is connected to the 
measuring tube by india-rubber tubing and a T-piece. The third 
limb of the X -piece is closed by a piece of india-rubber tubing and 
a pinch-cock, seen at the top of the figure. Open the pinch-cock 
and lower the measuring tube until the surface of the water with 
which the outer cylinder is filled is at the zero point of the 
graduation. Close the clip, and raise the measuring tube to 
ascertain if the apparatus is air-tight. Then lower it again. Tilt 

077 T 
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the bottle A so as to in)set the urine, and shake well for a minute 
or so. During tliis time tliere is an evolution of gas. Then immerse 
the ])ottle in a large Ixsaker eontaining water of the same tem])eratiire 
as that in tlio (cylinder. After two or tJiree minutes raise the 
measuring tube until the surfaces of the water inside and outside 
it ar(j at the same level. Read off tlie amount of gas (nitrogen) 
evolved. 354‘0 c.c. of nitrogen are yielded 
by I’O gramme of urea. From this the 
quantity of urea in the 5 c.c. of urine and 
the percentage of urea can be calculated. 
If the total urea passed in the twenty-four 
hours is to bo ascertained, tlie twenty-four 
hours' urine must be carefully measured and 
thoroughly mixed. A sample is taken frojii 
the total for analysis, and thus the total 
amount of urea is ascertained. 

Blood Urea. — In clinical work it is fre- 
(piently necessary to compare the concentra- 
tions of urea in blood ami urine. The blood, 
after removal of the proteins, is treated with 
soya-bean meal (containing urease) in an acid 
phosphate solution; the urease converts the 
urea, but none of the other nitrogenous 
constituents of the l)lood, into ammonium 
carbonate. The soluti(jn is then rendered 
alkaline with potassium carbonate and the 
ammonia drawn off by suction into a measured 
amount of standard acid. Subsequent titra- 
tion of the acid indicates the amount already 
neutralised by the ammonia liberated from 
urea, thus the percentage of urea can be 
calculated. Normally this varies finm about 
20 nigms. per cent, in young people to 40 or 
50 in older persons. 

Ammonia — Sorensen's Method. — When 
neutral solutions of ammonium salts are 
treated with an excess of formaldehyde, the 
compound hoxamethylene tetramine (urotropine) is formed, with 
the liberation from the ammonium salt of a corresponding amount 
of acid ( 4 Nl[ 4 Cl-h 6 Cn 20 = N 4 ( 0 H 2 )t. 4 - 61 l 20 + 4HCl) which can 
be titrated in the usual way. The following method (Brown’s) 
gives accurate results. Urine (60 c.c.) is stirred with basic lead 
acetate (3 gms.) (to remove nitrogenous compounds which interfere 
with the subsequent reaction) and filtered ; potassium oxalate (2 gms.) 
is added to the filtrate which is again stirred and filtered. The clear 
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filtrate (10 c.c.) is diluted with distilled water (50 c.c.) and a few 
drops of pliouolplitlialein (1 p<u- cent.) and pf)ta.ssin]ii ^>i^aTate 

N 

(5 gnis.) added. The mixture, if acid, is neutralised with NaOM 

Neutralised formalin (20 c.c. of 20 per cent.) is finally added. The 
acid thus liberated according to the above equation is then titrated with 
N N 

NaOH. Each c.c. of NaOJl used to restore the pink colour 
corresponds to 0-0017 grin. NHg. 

Aeration (Van Slyke). — This gives more accurate results tlian the 
formaldehyde method. The urine is made strongly alkaline with 
potassium carbonate which decomposes the ammonium salts. The 
liberated ammonia is drawn by suction into a measured amount 
of standard acid. The excess acid not required for neutralising 
the ammonia is estimated by titration and this subtracted from the 
original quantity of acid gives the amount of acid equivalent to the 
ammonia. 

Sugar. — The estimation depends on the power of monosaccharides 
in virtue of their free CHO group to reduce cupric hydrate in 
alkaline solution to cuprous oxide. 

Eehling’s solution consists of (1) copper sulphate dissolved in 
distilled water ; (2) Uochelle salt * dissolved in dilute solution of 
caustic soda. Tlie two solutions are mixed and diluted to a litre. 

Benedict’s solution, which is now generally preferred, is a similar 
alkaline solution of copper sulphate containing potassium thio- 
cyanate, which forms a white precipitate with the cuprous oxide 
formed so that the latter does not obscure the blue colour of the 
sulphate. It is usually made up so that 25 c.c. of the solution 
are reduced by 0 0 5 gm. glucose. 

10 c.c. of Eehling’s or 25 c.c. of Benedict’s solution are diluted 
and boiled in a porcelain basin. Into tins the urine is run from a 
burette until the l)lue colour of the copper sulphate disappears. 
From the amount of urine used the percentage of sugar contained 
is calculated. If over 1 per cent, is found, the urine is diluted five 
or ten times and the procedure repeated. 

* The Rochelle salt (and sodium citrate in the case of Benedict’s solution) keeps 
the copper in solution. 
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OirAPTEli XXXIX 


THE CONSTANCY OE THE INTEKNAL ENVIKONiMENT 

'J'liE necessity for tlio inaiiitciiaiice of a constaiu'y of tlio internal 
environ! nciit was first apjn'cciateil J>y Claiulo Bernard, who referred 
to it as ‘‘La fixit4 dn milieu intericnr,” wliiijh he pointed (nit is the 
condition of free and independent life. 

Lor practical purposes this means that every livin<^ cell must 
in order to preserve its normal activity, he surrounded by a Iluid 
with certain physical and chemical (diarachuistics, (iapahle of supply- 
ing it with nourishment and with oxygmi and at the same time 
permitting the products of its metabolism to escape into it. In 
the case of the single-celled organism, the external (uivironment 
fuKils these latter requirements, but the environment of the more 
higlily evolved organisms is so complicated and variable that very 
special mechanisms have become necessary to provide for each 
cell in the body its suitable environment. Each cell is bathed 
in lymph or tissue fluid whic.h is more, or less in equilibrium with 
the blood and for practic.al purposes,*^ therefore, we may in this 
connection consider the various processes which maintain constant 
the composition of that Iluid. The so-called blood constants are not 
absolute, but are the limits of its variability beyond which the 
usual function of the cells it supplies is impossible. 

In order to maintain any constituent of the blood constant, it is 
necessary either to have an unlimited immediate supply from the 
external environment or to liave accessible storage in the body 
which can be released on demand. The storage may be localised 
in certain regions of the body or generalised and must bo charged 
up from time to time if its charge becomes reduced. In some 
cases an overflow mechanism is provided should the charging become 
excessive /and a fine^djustment is provided in regard to excretion. 
Usually the latter is supplied by the selective jiowers of the cells 
of the kidney tubules to reabsorb substances required by the body. 

Water and Osmotic pressure. — Water is essential for all body 
processes and usually it is available in unlimited amount, and we 
must remember not only the water wo drink, but also that produced 
by metabolism. In some desert plants and animals such water 
of metabolism has a special value. 

681 
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These twrj constants are interrelated. They depend funda- 
mentally on the permeability of certain membranes wliich permit 
the flow of fii^l from the body. By having the mean blood-pressure 
at 'rest fixed and a capillary wall of fixed structure, the water is 
nonnally filtered off until a balands is attained between the capillary 
pressure and the osmotic pressure of the blood, which is thereby 
fixed. An overflow and controlled excretion is provided by the 
kidney and a general >^torage for, water by the tissues generally. 
The' kidney may be looked upon as the chief adjustment, but 
perspiration varies also according to body needs. Even if the body 
femperature is tending to become raised, as in a hot climate, sweating 
may Ijo reduced. At this stage the drinking of water causes in 
a few Jiioments an intense perspiration. The develo[)mont {)f 
thirst signifies the need for increase<l water intake. When there 
is excessive water loss by the skin or by the bowel in severe 
diarrhoea, this is called upon through the increased osmotic power 
of the blood. 

Sodium Chloride. — Although in the blood the content of sodium 
chloride remains constant, the mechanisms by which it is brought 
about are by no means clear. It is known that the sodium and 
chloride content may vary independently and it is probable that 
wo may consider the sodium as jiart of the general alkali reserve. 
It is necessary, as we have seen, for the maintenance of the heart- 
lieat, and its salts assist materially in maintaining osmotic relation- 
ships generally. 

So(lium chloride is stored particularly in the skin, wlience it 
may be drawn if the salt intake is deficient. The storage becomes 
apparent in sodium chloride deprivation, when the skin content 
is materially reduced. When then a known amount is administered 
there is a considerable retention even if a water diuresis is pi*oduced 
(Baird and Haldane). It has also been shown that the chloride 
content of the Idood varies inversely with the carbon dioxide content 
(Cliristy). 

The r(‘tenlion of sodium chloride is profoundly affected by 
I’onioval of the adrenal cortex probably liecause its hormone is 
intimately concerned with the maintenance of capillary permeability. 
Excessive loss of chlorides may occur from excessive sweating and 
leads to “miners’ cramp” and even to unconsciousness and deatli. 
In hot mines and in hot desert climates man and animals both find 
it ])en(dicial to drink salines. Excess salt loss may occur from 
continuous vomiting or when largo (piantities of asc.etic fluid are 
frequently removed from the abdominal cavity. Excessive fatigue 
and general exhaustion are usual symptoms (McCance). There may 
1)6 a marked loss of weight and impaired kidney function. 
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Potassium Chloride. — What has ])een said about sodium 
chloride probably applies to potassium chloride. The potassium 
must, however, always bo proportional to the calcium of the blood 
(as has been seen in relation to the heart-) leat). Its storage is 
seen by its rapid disappearance from the blood if injected intra- 
venously while it reappears from the liver on sympathetic or 
adi’enaline stimulation (l)’Silva), but otherwise nothing is known 
regarding its control. 

Calcium Salts. — Calcium is probably necessary for the proper 
activity of every living cell. It is necessary for the contraction 
of all muscles, including that of the heart, for the clotting of blood 
and of milk, for tlie action of some enzymes, and for the formation 
of bone. Cakdum is commonly precipitabul in the region of chronic 
irritation or infection, caj. in infected glands. It is also laid down 
in diseased blood-vessels which may iKH'.omo (piito rigid and brittle 
like ]»ipe-stems. The blood calcium is maintained at about 10 mgs. 
per 100 c.c. of s(u*um and exists in three forms. About 45 per cent, 
of this is noil-diffusible and in organic combination, and of the 
diffusible 35 per cent, is ionized. We can say, therefore, that the 
active blood calcium is only about one-fifth of the whole. 

Calcium is absorbed from the food l)ut only if the intestinal 
c.ontents are acid. In neutral or alkaline solution tlu^ calcium salts 
are pr(;(d[)itat(;d (^spo(dally as c.arbonates and ])hos])hates. Absor])tion 
thorefoi-e takes place (*hielly in the jejunum whore the reaction is 
most acid and is greatly facilitated by fats and lactose which produce 
fatty acids and lactic acid. The absorption or retention of calcium 
appears to be controlled by vitamin I). It is stored in the bones. 
If absorption is inadequate, faulty ossification of the bones takes 
place. (See Vitamin D and Eickets.) Calcium is excreted by the 
large intestine and kidney, but little is known about its excretion. 
In the maintenance of the blood calcium the parathyroid glands 
play an important role. 

The Parathyroid Glands. 

These are small bodies, usually four in number, situated near 
or embedded in the substance of the thyroid. They are made up of 
elongated groups of polyhedral cells, bound together by connective 
tissue, and well supplied with blood-vessels. In addition to these 
chief cells, eosinopliile cells are found in small numbers. Some have 
supposed that parathyroid is only immature thyroid tissue, but a 
study of development shows that the parathyroids have a different 
embryonic origin from the thyroid, and in the lower vertebrates the 
two organs are entirely distinct. Most of the facts concerning the 
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tliyroid were discovoml previous to the recognition of the para- 
tliyroids, and it has gradually become evident that in removing the 
tliynjid it was really the simultaneous removal of the parathyroids 
which caused the nervous symptoms. The most prominent symptom 
after extirpation of the parathyroids is tetany (muscular spasms 
and twi tellings). 

When SchilT removed the thyroid gland in dogs he found that 
some did not die for some time, but some died in convulsions after 
a few days. Later work showed that in the animals and human 
beings which died rapidly after operation the loss of the parathyroid 
glands was really responsible. To-day when the thyroid is removed 
in the treatment of goitre two parathyroids are left with the lower 
poles of the gland. 

In 1909 MacCallum and Vocgtlin found that in tetany there was 
a reduction of the blood calcium, but it was not until Oollip prepared 
an active extract in 1925 that the relationship was accepted. An 
animal in which the parathyroids are removed is convulsive, has 
an excessively rapid heart, and would die from exhaustion within 
forty-eight hours ; but it may, by the injection of the extract, be 
kept alive. Further, the blood calcium, which may have fallen to 
^ about half the normal 10 mgr. per 100 c.c. of blood, will rise, 
possibly well above normal. 

On the other hand, it is found that if excessive parathyroid is 
administered the blood calcium may become double the normal, 
and instead of there being the hyperexcitability seen above, there 
is a general depression of the nervous system with drowsiness, 
muscular flaccidity and unconsciousness, which results in death, 
(hotting of the blood occurs in the vessels immediately after death. 

Crlandular tumours of the parathyroid have now been described 
in man. Such subjects show softening of the bones as a result of 
calcium depletion, but the condition is now recognisable before the 
nervous symptoms appear. The parathyroid appears to stimulate 
the activity of the osteoclastic cells. 

An excessive loss of calcium occurs in the female when pregnant 
or lactating, and if the diet is deficient in calcium the serious 
condition of osteomalacia which is associated with generalised 
softening of the bones may occur. The disease is seen not 
infrequently in China and India. In cows after calving the similar 
but rapidly fatal disease of “milk fever” is seen commonly in 
Lritain. The recovery of the animal almost at the point of death 
if calcium is administered as calcium gluconate, or if the udder is 
distended to prevent calcium excretion, is dramatic. 

We must understand that in the regulation of calcium metabolism 
the parathyroid co-operates with other agencies, e.g., with the vitamin 
D of the diet, which influences calcium retention in the body. 
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Evidence has been pnt forward (Thompson) that extracts of 
parathyroid have a [)ower of retarding normal growth, but it is 
not yet certain whether this effect is due to minute quantities 
of the calcium factor or to a separate substance in tlie gland. It 
may be that the pituitary body is affected indircct]}^ 

In addition to the above function, considerable evidence has been 
put forward by Noel Paton and by Burns that the parathyroid 
is also concerned with the protection of the body against the sub- 
stance guanidine, which is closely related to the creatine of muscle or 
methyl-guanidine acetic acid. It may bo that the calcium is concerned 
in the protection, but definite evidence is not yet availa])le. 


Phosphorus. 

Given in summarised form, as details are discussed elsewhere in 
appropriate sections. 

Phosphorus is essential for the life of living things and occurs in 
the blood of man to the extent of 24 to 52 mgs. per 100 c.c. The 
organic phosphorus occurs for the most i)art in the plasma as 
glycerophosphate, hexosephosphate and nucleotides, the phospho- 
lipides are in the corpuscles. The inorganic phosphates may be 
half the normal (4 to 6 mgs.) in rickets, but if we may judge from 
the common occurrence of phosphates in tonic medicines, phosphorus 
deficiency is common, especially after infection. 

Phosphorus occurs in the diet in organic and inorganic forms. 
The organic phosphates concerned are chiefly in phosphoproteins 
such as the caseinogen of milk and the vitellin of eggs, in the 
lecithin of eggs, liver and blood, and in the nucleic acid of all cell 
nuclei. Inorganic phosphates occur chielly in meat and milk and 
plants. ^luch of the phosphorus of plants — ]fiiytin phosphorus — 
is not digested or utilised. 

Phosphorus is concerned : 

1. In the formation of bone and teeth. 

2. In the formation of many organic substances, phosphoproteins, 

phospliolipides, nuclmc acid, adenylic acid, hexosephosphates and 
the like. / 

3. In the buffering of the blood and other body fluids. 

4. In the transport of fat and lipides. 

5. In the chemistry of muscle contraction. 

It is excreted chiefly in the urine in combination with sodium, 
potassium, magnesium and ammonium, the actual phosphate 
depending on the reaction of the urine. (See Urine.) 

About a third is excreted in the bneos according to the necessity 
to get rid of alkali and undigested organic phosphorus. 

T 2 
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Glucose is necessary as a fuel and provides almost a complete 
example of the principle of constancy of internal environment. It 
is stored particularly in the muscles and in the liver. 1'he further 
needs of the muscles arc met by use of the store in the liver which 
is replenished from the diet. Hunger pro))ably represents the call 
of the body j^r carbohydrate (Lawrejtee), but no doubt the sensation 
has become vitiated. The liberation of the liver glycogen is brought 
about by the secretion of adrenaline and probably by nervous 
stimulation, and the storage in the muscles and in the liver by the 
action of insulin. If the liver glycogen gets used up, as in starvation, 
it seems likely that protein and fat may be called upon. The subject 
has ])eoJi discussed at length under “Carbohydrate Metabolism.” 

Pat and Amino-Acids are dealt with in the chapters on Tat 
Metabolism and Protein Metabolism, but as yet we have little 
information as to liow the constancy of the blood composition in 
regard to them is maintaine<l. 

Temperature. — See se})arate (chapter. 

Hydrogen-ion Concentration. — See separate chapter on Acid- 
base Equilibrium. 

Blood Gases. — These have been dealt with in relation to 
respiration. As the supply of oxygcui and carbon dioxide is 
normally unlimited, no storage is necessary — the more so as carbon 
dioxide can be replaced in the blood to some extent ])y chlorides. 
The storage of oxygen which occurs in foodstuffs is negligible, 
since the Ijody at rest requires about 300 c.c. per minute. 
Excessive excretion or accumulation of carbon dioxide is prevented 
by the chemical control of the respiration. 

Hormones. — rro])ably the products of the ductless glands which 
have a continuous action are present in the blood in minimal 
amounts which may l)e greatly increased from time to time, 
but the exact mechanisms concerned are in most instances not 
understood. 


The Natural Mineral Appetite. 

A most remarkable fact is that animals apparently develop a 
craving for minerals deheient in the diet Pats prefer italcium 
solutions to water if deprived of calcium especially after })ara- 
thyroidectoniy. 
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OHAPTEE XL 


THE ACID-BASE EQUILIBKIQM OF THE BODY 

The Reaction of Fluids 

When hydrochloric acid is added to water, the water becomes acid 
because thj/HCl dissociates into its component ions of hydrogen 
and chlorme. If a more complex acid such as acetic is used, its 
hydrogen forms one ion and the remainder of the acid another. 
The acidity or alkalinity as determined by titration in the ordinary 
way gives not only the dissociated' but also the undissocMed acid 
and therefore gives little information regarding the activity of the 
solution. The real strength or degree of acidity depends on the 
number of hydrogen ions present in the solution. HOI is a strong 
acid because the dissociation is nearly complete; lactic acid is a 
weak acid because the number of free H ions is less, and their 
concentration does not rise proportionally to the amount of lactic 
acid present. 

In the same way the degree of alkalinity of a solution depends 
on the concentration of hydroxyl (OH) ions. Hut in any solution 
if the concentration of H ions is multiplied by that of OH ions the 
' product is constant. 

In a solution which turns blue litmus rod, the H ions preponderate 
but OH ions are not absent ; in a solution which turns red litmus 
blue the reverse is the case. 

Pure distilled water dissociates to a trilling extent into H and 
OH ions which of necessity are ecpial in number and we call water 
neutral, not because it is neither acid nor alkaline but because it is 
both in equal degree. lactic acid is a weak acid because it undergoes 
less dissociation than, say, HCl. 

Hydrogen-ion Concentration. — How since it can be shown that 
in any solution the product of the concentration of H ions 
multiplied by the concentration of OH ions is constant, the 
concentration of hydrogen ions in a solution may be used to 
express either acidity or alkalinity. In pure water it has been 
determined by experiment that the concentration of hydrogen ions 

i.e. the cH per litre is 0 0000001 gramme, or or as 

it is more commonly expressed, 10"’'. 
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The Il-ion concentration of the blood is almost inconceivably 
small, being only 0 000000032 or one gramme ion in 32 million 
litres. Small as this number is, variations in it produce profound 
physiological disturbance; if, for instance, the figure in arterial 
blood rose to 0 000000034 breathing would be appreciably affected, 
and if it rose to 0 00000005 the person would be hopelessly out 
of breath. 

pH — For convenience the numerical value of the power only 
is used ; water is tlius described as having a pH (power of hydrogen) 
of 7. Since this is neutrality, acid solutions have a pH ranging 
from 0 to 7 and alkaline solutions vary from pH 7 to 14. Hence, 
as j^H increases the acidity or hydrogen-ion concentration decreases 
and vice versa. 

It is to be noted that the pH scale is a logarithmic one and 
therefore a change of pH from 6 to 7 represents a much larger 
change in hydrogen-ion concentration than does a change from 7 to 8. 

The Determination of the pH of physiological fluids is usually 
carried out by the colorimetric method in which advantage is taken 
of the fact that certain dyes change their tint according to the 
hydrogen-ion concentration of the fluids in which they are dissolved. 
Thus, for example, phenol red goes through a series of changes 
from yellow to red between pH 6'8 and 8’4, Different indicators 
have different ranges and neutral point. The old-fashioned litmus 
changes from blue to red at about 6'6. Congo red, on the 
other hand, changes from red to blue at about 4, hence its value 
in distinguishing between HCl of the gastric juice and the less 
dissociated organic acids such as lactic and butyric. In making 
the determination the indicator is added to the unknown fluid 
and the colour compared with a series of standards of which the 
pH is known. The indicator method, although very accurate for 
most purposes, is liable to be inaccurate in the presence of protein 
and salts. In determining the pH of blood, therefore, certain special 
procedures must be carried out (see p. 591). 

Electrical Method , — This is really the original method and consists 
in determining the electromotive force set up between a hydrogen 
electrode and the free hydrogen ions in solution. The method is 
still used when the indicator method is unsuitable and for checking 
standard solutions made up in the ordinary way. 

The Reaction of the Blood. 

Blood is a fluid which is alkaline to litmus. It contains 
H ions but they are overbalanced by OH ions. The principal 
acid to which this hydrogen -ion concentration is due is carbonic 
acid (H2CO3), and if carbonic acid gas (CO2) is passed into water, or 
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a physiological saline solution, in increasing amount, the concentra- 
tion of hydrogen ions increases also. Carbonic acid is continually 
being thrust into the blood by the tissues, and the reaction is but 
little disturbed because of the mechanisms which exist for its 
transport. The maintenance of the acid-base equilibrium in the blood 
is most important. The various cells and tissues it nourishes demand 
a reaction which is almost neutral, and perhaps there is no other 
collection of cells which are so sensitive to variations from the 
normal as those which make up the respiratory centre; the figures 
already given show how a very slight increase in the hydrogen-ion 
concentration of the blood stimulates them to excessive action, and 
produces exaggerated breathing (hyperpnoea). 

We have now to consider the way in which the normal acid-base 
relationship is maintained, and to discuss more fully the effects 
which ensue when this balance is upset. In relation to the traais- 
port of COg by the blood we saw that the majority of it became sodium 
bicarbonate and a small quantity of it remained in free solution in the 
plasma. Both these substances can readily bo got rid of according 
to the requirement of the body. For practical purposes therefore it 
is convenient to consider that, although there are a multitude of 
substances in the plasma, only two need be taken into account. 
One of these, GO.,, when dissolved in water is add (HgCOg); the 
other, sodium bicarbonate (NallGOg), is alkaline. The way in 
which the relative concentrations of these two substances affect 
the hydrogen-ion concentration of the blood is quite simple, viz., 
that the hydrogen-ion concentration varies directly with the ratio 
(normally ..V) of the one substance to the other. For convenience 
it has been agreed that the words “concentration of” shall be 
expressed by square brackets and hydrogen ion by H’. Goncen- 
tration of hydrogen ions is thus abbreviated to [H‘], and this as 

stated above varies as rir what comes to the same thing 

[NaHGOg] ^ 

[H'j — being a constant. 

[]sraHGO.J ^ 

In relation to acidjemia and alkalremia below, we shall see that 
the body has many mechanisms by which this ratio is kept constant. 

The reaction of the blood may conveniently be determined 
by the method of Dale and Evans, which consists essentially of 
placing the blood in a small dialysing bag inside a small tube of 
physiological saline and subsequently, when dialysis has taken place, 
determining the [H*] of the saline. Or the blood may be centrifuged 
and the [H‘] of the plasma, diluted, taken. 

In each case the blood is kept under oil to prevent loss of GOg. 
Oxalate is added to prevent clotting and fluoride to prevent glycolysis. 
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Q’lie [ir] is ilutormilied colorimetrically by comparing the colour 
of ilio Huid with salines or diluted plasmas respectively of known 
H-ion concentration to which indicators have been added. 

ddio reaction is normally a])out 7*4, but life is possible with 
a much more alkaline blood. Death however occurs if the blood 
bccoiiies acid to a very slight degree. We shall see however below 
that the body is well provided with mechanisms to prevent this 
occurring. 

Acideemia. 

In acidaiinia there is a tendency of the blood to become acid. 

'.riiis occurs, physiologically, in muscular exercise when largo 
quantities not only of carbon dioxide but also of lactic acid are 
thrown into the circulation. The eliect of the carbon dioxide wo 
have already seen in relation to the carriage of carbon dioxide. 
This section should be re-read by those unfamiliar with it. We 
must now consider how the lactic acid is dealt with, since, in 
disease, the body deals with other acids in a similar way. Here 
we see the importance of what we know as the “BuHer Substances,” 
which are so called because they “soak up” the acid, so to speak. 
They are the sodium bicarbonate and the alkaline sodium phosphate 
of the blood, which react with acid thus — 

NaHCO^+HL - NaL+H.O + COg 

[Sudium Licarbunate+laotic acid.] = [Sodium lactate-f- waters- carljoii dioxide.] 

Na^HPO^-f HL = NaL -L NaH 2 P 04 

[Alkaline sodium phosphate+lactic acid] - [Sodium lactato-facid sodium pho.sjdiate.] 

The carbon dioxide formed from the bicarbonate stimulates 
respiration and is excreted by the lungs and the acid sodium phosphate 
is excreted by the kidney. The reaction of the blood, therefore, 
remains practically unchanged since tlie substances formed are little 
dissociated and are rapidly got rid of. 

The Alkali Reserve of the Body. — We have seen in relation 
to the carriage of carbon dioxide that the alkali available in the 
blood itself for the transport of this and other acids is known as 
the alkali reserve of the blood, but it is now evident that this alkali 
by no means exhausts the resources of the body in this respect. 
(See Transport of Carbon Dioxide.) 

In addition, the body makes use of the ammonia which, as we 
have seen, is produced as a product of protein metabolism. This 
function appears to be carried out by the kidney, which has the 
power of breaking down urea and of utilising the ammonia so formed 
to neutralise acid. The evidence that the kidney does this is that 
the renal vein may contain more ammonia than the artery and in 
renal disease, although an acidaemia may be present, the ammonia- 
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urea ratio is unaltered (McLean). In severe exercise there is, then, 
an increased excretion of ammonium salts, with a corresponding 
diminution in the urea content of the urine. The latter becomes 
more acid because, as we have seen, of the increased excretion of the 
acid sodium phosphate. These facts, together with the fall of the 
alveolar COg which results from the stimulation of the respiratory 
centre, have an important clinical significance, as they may be taken 
as evidence of the presence of abnormal acids in the blood, such as 
may bo produced from the faulty oxidation of fats in diabetes. 

A mild degree of acidtemia takes place on a meat diet in virtue 
of the acid substances produced by protein, and all the characteristic 
changes in the urine are observed. 

Several other mechanisms also assist in maintaining the reaction 
of the blood. Normally the animal takes in an excess of alkaline 
phosphates which are excreted by the bowel. In acidtcmia, more of 
this phosphate is retained. 

It has been shown also (Christy) that the more CO.^ there is 
in the blood, the less the chloride; indicating that the tissues 
have some power to take up acid in an emergency. Tliis chloride 
may, in part, be excreted by the kidney, but not wholly so, as 
it may return to the blood if the CO^ falls. This eni})luisises 
the fact that the alkali reserve of the body may ]:>e held, quite 
properly, to refer to the whole body, since every ojie of its cells is 
capable of taking up in the same way a sjiiall amount of acid in 
virtue of the buffer substances it contains. 

When the body succeeds in thus overcoming the addition of 
acid without there being any actual rise of the hydrogen-ion concen- 
tration of the blood, the acidiemia is said to be compensated ; but 
as soon as the compensation fails and the hydrogen-ion concentration 
of the blood rises, a condition is very soon arrived at which is 
incompatible with life. 


Alkalaemia. 

In alkaheniia the blood tends to become more alkaline. Such 
a condition may be produced when an individual over-ventilates 
voluntarily, as a result of stimulation of the respiratory centre 
by heat, e.g. a hot bath, or at a high altitude when probably the 
want of oxygen stimulates the respiratory centre. It is observed, 
to a small extent, in the early forenoon, when respiratory activity is 
very great. In such circumstances we have the opposite state of 
affairs to that in acida^.mia — namely, decreased excretion of ammonia 
by the kidney and increase of urea, with an alkaline urine duer to 
the excretion of alkaline sodium phosphate. Further, since the 
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HgCOg is reduced, it becomes necessary, in order to keep the ratio 
H CO 

^ j 1 - at about T.Vth, to excrete bicarbonate by the kidney, which 

NaHCOg 

still further contributes to the alkalinity of the urine. There is, 
then, a diminution of the alkali reserve of the blood, not because of 
acidu^mia, but as a compensation to an alkaliemia (Henderson). 

This compensation is an important factor in adaptation to high 
altitudes where as a result of oxygen-want there is a stimulation of 
respiration and a washing out of carbon dioxide. 

A tendency to alkaluBinia exists normally wlien a vegetable diet, 
which produces largely alkaline substances, is taken and a similar 
tendency is said to occur when the stomach secretes IICl. 

In such circumstances, not only do we get urinary changes, but 
the respiration is automatically depressed slightly, the alveolar 
content of the carbon dioxide increases and acid is thereby retained ; 
chlorides also pass into the blood from the tissues (Christy). 

In alkahicmia there occurs a diminution in the ionic calcium of 
the blood with an increase in the un-ionized. Severe degrees of 
alkahemia for this reason bring a])Out tetany — i.e. spasms of certain 
muscles, especially of the hands and feet. The facial nerve is 
commonly hyperirritable to tapping. (See Parathyroid Glands.) . 

The Hydrogen-ion Concentration of Other Body Fluids. — It 
seems probable that conditions lial)le to change tlie reacticjii of tlie 
blood will change the reaction of all fluids made from the blood. 
We have already seen this in relation to the urine, but the same 
probably applies to tears and, what is of more importance, to 
digestive secretions. This is certainly true of saliva, which may 
change its reaction very ai)preciably (Mathur) in response to diet 
and other conditions. 
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THE SKIN 

The skin is composed of two parts, epidennis or cuticle^ and dermis 
or cuiis vcra. 

The Epidermis is a tliick stratified epithelium. The deeper 
layers arc composed of protoplasmic cells, and form the rete mucosum, 
or Malpighian layer; the surface layers are hard and horny; this 
horny layer is the thickest part of the epidermis, and is specially 
thick on the palms and soles, where it is subjected to most friction. 
It is in the cells of the Malpighian layer that pigment granules are 
deposited in the coloured races. 

Between the horny layer and the Malpighian layer are two 
intermediate strata, in which the transformation of protoplasm into 
horny material {Iceratiyi) is taking place. In the first of these — that 
is, the one next to the Malpighian layer — the cells are flattened, 
and filled with large granules of eleklin, an intermediate substance 
in the formation of horn. This layer is called the stratum 
yranulosum. Above this are several layers of clear, more rounded 
cells, which constitute the stratum lucidum ; and above these the 
horny layer proper, many strata deep, begins. The cells become 
more and more scaly as they approach the surface, where they lose 
their nuclei and eventually become detached. 

The epidermis grows by a multiplication of the deepest layer 
of cells; the newly-formed cells push towards the surface those 
previously formed, in their progress undergoing transformation into 
keratin. The epidermis has no blood-vessels ; nerve-fibrils pass into 
its deepest layers, and ramify between the cells. 

The Dermis is composed of dense fibrous tissue, which becomes 
looser and more reticular in its deeper part, where it passes by 
insensible degrees into the areolar and adipose tissue of the sub- 
cutaneous region. The denser superficial layer is very vascular, and 
is covered with minute papillce ; the epidermis is moulded over these, 
and in the palms and soles, where the papillse are largest and are 
disposed in rows, their presence is indicated by the well-known 
ridges on the surface. 
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The papillae contain loops of capillaries, and in some cases, 

especially in the palm of the 
hand and fingers, they contain 
tactile corpuscles (which will be 
more fully described in connec- 
tion with the sense of touch). 
Special capillary networks are 
distributed to the sweat-glands, 
.sebaceous glands, and hair fol- 
^licles. 

The deeper portions of the 
^dermis in the scrotum, penis, 
and nipple, contain involuntary 
muscular tissue ; there is also 
a bundle of muscle - fibres 
attached to each hair follicle. 

The Nails are thickenings of 
the stratum lucidum. Each lies 
in a depression called the led of 
the nail, the posterior part of 
which is overlapped by epidermis, 
and called the nail-groove. The 
dermis beneath is beset with 
longitudinal ridges instead of 
papilliB ; these are very vascular : 
but in the lunula, the crescent at 
the base of the nail, there are 
papillae, and this part is not so 
vascular. 

The Hairs are epidermal 
growths, contained in pits called 
hair follicles. The part within 
the follicle is called the root of 
the hair. 

The main substance of the 
hair is composed of pigmented 
horny fibrous material, in reality 
long fibrillated cells. It is covered 
by a layer of scales imbricated 
upwards {hair cuticle). In many 
hairs the centre is occupied by 
a medulla, formed of rounded 
cells containing eleidin granules. 
Minute air - bubbles may be 
present in both medulla and 


sole of the foot, a, Horny layer; h, stratum 
granulosum ; c, stratum lucidum ; d, Mai* 
pighian layer; t, cutis vera; f, papilla of 
cutis vora; ff, fat lobule of subcutaneous 
tissue ; k, sweat-gland ; i, orifice of sweat- 
duct. (Szymonowicz.) 
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The grey dair ol 
figment 


bair to look white by retieeted liglit 
however, is produccil by a loss i.d 


. 20':>.— Vcrtictal section of skin, 
A. Scbacwnis gland opening 
into hair follielc. B. Musch- 
rbr*'."’. e. Sudoriferous or 
HWeal-ghuKl. I>. Subjcutan^ns 
fat 3i. Fundus of hair follicle, 
with hair papilla. (Klein.) 
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A siriall biiiidlo of plain mnscle - fibres is attached to each 
folJicle 209). Wlien it contracts, asMinder the influence of cold, 
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iMd. 210.— Ijoiigitiuiiiial section of a X-’ — - -j --:;:-:;' 

hair fnllicle. a ami l>, external 

sheaS-’^^^^ section of a hair anrl liair follicle 

iriir- / im’dulla’ /• h-iir oanilla* below ttie opening of the sebacoou.s glaml. 

h.ui , r, melt lla /, 1 .ur i^api a ^ Me.lnlla, or pith of the liair; b, lihrons layer; 

Snic’S;^; Cad^ cuticle lluxley’s layer; henle’s layer of 

Utnnic coat. (Cadi.it.) internal root-sheath; / and g, layers of external root- 

.sheath, outside of g i.s tlio ba-sement niembr.ane or 
hyaline layer; h, dermic (fibrous) coat of hair follicle ; 
i, ves.scls. (Cadiat.) 

or of certain emotions sncli as fear, the hair is erected and the 
'W f whole skin is ronghened (“goose 

' j ^i muscles are called ^;^7o-mo^or nerves. 

, distribution of these nerves 

11 constrictor nerves of the skin ; their 

M cell-stations are in the lateral 

sensitiveness of the hairs or 
properly of ^ the hair follicles 

- ' of nerve-fibrils around the hair 

Fio. 212.— Semsory nerve-ending of hair fol- follicle, within the outer sheath, 

J^st beneath the entrance of the 
sebaceous gland (see fig. 212). 

The sebaceous glands (fig. 209) are small saccular glands, with 
ducts opening into the upper portion of the hair follicles. The 
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secreting cells become charged with fatty matter, which is dis- 
charged into the lumen of the saccules owing to the disintegration 
of the cells. The secretion, sebum, contains isocholesterol in addition 
to fatty matter. It acts as a lubricant to the hairs. 

The sweat-glands (fig. 208) are abundant over the whole 
human skin, but are most numerous where hairs are absent, on 
the palms and soles. Each consists of a coiled tube in the deepest 
part of the dermis, the duct from which passes up through the 
dermis, and by a corkscrew-like canal through the epidermis to the 
surface. 

The secreting tube is lined by one or two layers of cubical or 
columnar cells; outside this is a layer of longitudinally arranged 
muscle-fil)res, and then a basement-membrane. 

The duct is of similar structure, except that there is usually 
but one layer of cubical cells, and muscle-fibres are absent; the 
passage through the epidermis has no proper wall; it is merely 
a channel excavated between the epidermal cells. 

The ceruminous glands of the ear are moditied sweat-glands. 


The Functions of the Skin. 

Protection. — The skin acts as a protective organ, not only by 
mechanically covering and so defending internal structures from 
external violence, bnt more particularly in virtue of its containing 
receptors, organs of sensation and reflex action (see later in the 
chapter on Touch). 

Heat Regulation. — See chapter on Temperature. 

Respiration. — A small amount of respiratory interchange of 
gases occurs through the skin, but in thick-skinned animals this is 
very small. In man, the carbonic acid exhaled by the skin is about 
tIw fo -sw of that which passes from the lungs. But in thin- 
skinned animals, such as frogs, cutaneous respiration is very 
important ; after the removal of the lungs of a frog, the respiratory 
interchange through the skin is sufficient to keep the animal alive, 
the amount of carbonic acid discharged being about half as much as 
when the lungs are present (Bischoff). 

Absorption. — This also is an unimportant function; but the 
skin will in a small measure absorb oily materials placed in contact 
with it ; thus many ointments are absorbed, and general effects are 
produced by local inunction. 

Secretion. — The secretions of the skin are two in number. The 
sebum is the natural lubricant of the hairs. The secretion of sweat 
is an important function of the skin, and we will therefore discuss it 
at greater length. 
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The Sweat. 

Physiology of the Secretion of Sweat. — We have seen that the 
swcat-gJands are most abundant in man on the palms and solos, and 
hero the greatest amount of pers])iration occurs. Different animals 
vary a good deal in the amount of sweat they secrete, and in the 
place where the secretion is most abundant. Thus the ox perspires 
less than the horse and sheep; perspiration is absent from rats, 
rabbits, and goats ; pigs perspire mostly on the snout ; dogs and cats 
on the pads of the feet only. 

As long as the secretion is small in amount, it is evaporated from 
the surface at once; this is called insensible perspiration. As soon 
as the secretion is increased or evaporation prevented, drops appear 
on the surface of the skin. This is known as sensible perspiration. 
The relation of these two varies with atmospheric conditions; the 
drier and hottei- the air, the greater is the proportion of insensible 
to sensible pers])iration. In round numbers the total amount 
of sweat secreted ])y a man is two pounds in the twenty-four 
hours. 

The amount of secretion is influenced by the vasomotor nerves , 
an increase in the size of the skin-vessels leads to increased, a con- 
striction of the vessels to diminished, perspiration. There are also 
special secretory fibres, stimulation of which causes a secretion even 
when the circulation is suspended, as in a recently amputated limb. 
These fibres are paralysed by atropine. They are contained in the 
same nerve- trunks as the vasomotor nerves, as are also the nerve- 
fibres which supply the plain muscle-fibres of the sweat-glands 
which act during the expulsion of the secretion. The secretory 
nerves for the lower limbs issue from the spinal cord by the last 
two or three thoracic and first two or four lumbar nerves ; they 
have cell-stations in the lower ganglia of the lateral chain, and pass 
thence to the sciatic nerve. They are controlled by a centre in the 
upper lumbar region of the cord; those for the upper limbs leave 
the cord by the sixth, seventh, and eighth anterior thoracic roots, 
have cell-stations in the ganglion stellatum, and ultimately pass to 
the ulnar and median nerves ; they are controlled by a centre in the 
cervical enlargement of the cord. The secretory fibres for the head 
pass in the cervical symj)athetic, and in some branches of the 
trigeminal nerves. These subsidiary centres are dominated by one 
in the medulla oblongata (Adamkiewicz). These facts have been 
obtained by experiments on animals (cat, horse). 

The sweat-centres may be excited (.lirectly by venous blood, as in 
asphyxia ; or by overheated blood (over dO'’ C.) ; or by certain drugs 
(see further); or reflexly by stimulation of afferent nerves such as 
the femoral and peroneal. 
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Nervous diseases are often accompanied by disordered sweating ; 
thus unilateral perspiration is sometimes seen in cases of hemiplegia ; 
degeneration of the anterior nerve-cells of the cord may cause 
stoppage of the secretion. 

Idle changes that occur in the secreting cells have been investi- 
gated by Renaut in the horse. When cliarged they are clear and 
swollen, the nucleus being situated near their attached ends ; when 
discliarged they are smaller, granular, and their nucleus is more 
central. 

The sweat, like the urine, must be regarded primarily as an 
excretion, the secreting cells eliminating substances formed else- 
where. Stale sweat may putrefy and be very disagreeable. 

Composition of the Sweat. — Sweat may be obtained in abundant 
quantities by placing the animal or man in a closed hot-air bath, or 
from a limb by enclosing it in a vessel made air-tight with an elastic 
bandage. Thus obtained, it is mixed with epidermal scales and a 
small quantity of fat-like matter from the sebaceous glands. The 
continual shedding of epidermal scales is in reality an excretion. 
Keratin, of which they are chieliy composed, is rich in sulphur, and, 
consequently, this is one means by which sulphur is removed from 
the body. 

The reaction of sweat is acid, and the acidity, as in the urine, is 
due to acid sodium phosphate. In profuse sweating, however, the 
secretion usually becomes alkaline or neutral. It has a peculiar 
and characteristic odour, which varies in different parts of the body, 
and is due to volatile fatty acids; its taste is saltish, its specific 
gravity about 1005. 

In round numbers the percentage of solids is 1’2, of wliich 0’8 
is inorganic matter. 

The salts are in kind and relative quantity very like those of the 
urine; sodium chloride is the most abundant salt. Eiinke was unable 
to find any urea, lait most other o]>servers agree on the presence of a 
minute quantity. It appears to become quickly transformed into 
ammonium carbonate. The protein which is present is probably 
derived from the epithelial cells of the epidermis, sweat-glands, 
and sebaceous glands, which are suspended in the excretion; but 
in the horse there is albuminous matter actually in solution in 
the sweat. 

Abnormal, Unusual, or Pathological Conditions of the Sweat. 

Drugs , — Certain drugs (sudor if ics) favour sweating, e.g. pilocarpine. 
Calabar bean, strychnine, picrotoxine, muscarine, nicotine, camphor, 
ammonia. Others diminish the secretion, e.g., atropine and morphine 
in large doses. 

Large quantities of water, hy raising the capillary Uood-pressure , 
and probably also by diluting the blood, increase the perspiration. 
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Some substances introduced into the body reappear in the sweat, 
e.g., benzoic, tartaric, and succinic acids readily, quinine and iodine 
with more difficulty. Compounds of arsenic and mercury behave 
similarly. 

DiseaMs . — Cystine has been found in some cases of cystinuria; 
glucose in diabetic patients; bile-pigment in those with jaundice 
(as evidenced by the staining of tlie clothes); indigo in a peculiar 
condition known as chromidrosis ; blood or ha}matin derivatives 
in red sweat; albumin in the sweat of acute rheumatism, which 
is often very acid ; urates and calcium oxalate in gout ; lactic acid 
in puerperal fever, and occasionally in rickets and scrofula. 

Kidney Diseases . — The relation of the secretion of the skin to that 
of the kidneys is a very close one. Thus copious secretions of urine, 
or watery evacuations from the alimentary canal, coincide with dry- 
ness of the skin ; abundant perspiration and scanty urine generally 
go together. In the condition known as urccmia (see p. 562), when 
the kidneys secrete little or no urine, the percentage of urea rises 
in the sweat; the sputum and the saliva also contain urea under 
those conditions. The clear indication for the physician in such 
cases is to stimulate the skin to action by hot-air baths and 
pilocarpine, and the alimentary canal by means of purgatives. In 
some of these cases the skin secretes urea so abundantly that when 
the sweat dries on the body, the patient is covered with a coating of 
urea crystals (“urea frost”). 

Varnishing the Skin . — By covering the skin of such an animal as 
a rabbit with an impermeable varnislq the temperature is reduced, a 
peculiar train of symptoms set up, and ultimately the aniinal dies. 
If, however, cooling is prevented by keeping such an animal in warm 
cotton-wool, it lives longer. Yarnisliing the human skin does not 
seem to be dangerous. Many explanations have been offered to 
explain the peculiar condition observed in animals ; retention of the 
sweat would hardly do it; the blood is not found post mortem to 
contain any abnormal substance, nor is it poisonous when transfused 
into another animal. Cutaneous respiration is so slight in mammals 
that stoppage of this function cannot be supposed to cause death. 
The animal, in fact, dies of cold ; the normal function of the skin 
in regulating temperature or in producing the sensory stimulant to 
metabolism is interfered with, and it is animals with delicate skins 
which are most readily affected. 
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BODY TEMBEKATUKE 

Singe departures from tlie normal body temperature are amon^ 
the fundamental physical sij^ns of disease, and since oliservations of 
the temperature of the patient are only less fro(pient in medical 
practice than those of the i)ulse or of the tongue, it is ne(5essary to 
have as complete an understanding as possible of the principles that 
regulate the (luctuations of the clinical thermometer. 

Animals may be divided into two great classes : — 

(1) Warm-blooded' or hovioiothcrmaV are those which 

have an almost constant temperature. (Mammals and birds.) 

(2) Cold-blooded or animals, are those whose 

temperature varies with that of the suriounding medium, being 
always, however, a degree, or a fraction of a degree, above that of the 
medium. This class includes reptiles, amphibians, fish, embryonic 
birds and mammals, and probably all invertebrates.'^' ^ 

The temperature of a man in health varies but slightly, being 
between 36*5'’ and BT'S"" C. (OS'" to 99° F.). Most mammals have 
approximately the same temperature: horse, donkey, ox, 37*5° to 
38“ ; (log, cat, 38*5° to 39°; sheep, rabbit, 38° to 39 5° ; mouse, 37*5° ; 
rat, 37'9°. Birds have a higher temperature, about 42° C. The 
temperature varies a little in different parts of the body, that of the 
interior being greater than that of the surface ; the blood coming 
from the liver, where chemical changes are very active, is warmer 
than that of the general circulation; the blood becomes rather 
cooler in its passage through the lungs and/tlie skin. 

The temperature also shows slight diurnal variations, reaching a 
maximum about 4 or 5 p.m. (37*5° G.) and a minimum about 3 a.m. 
(36 8° C.), that is, at a time when the functions of the body are least 
active. If, however, the habits of a man are altered, and he sleeps in 
the day, working during the night, the times of the maximum and 
minimum temperatures are also inverted.'^ Inanition and inactivity 
cause the temperature to fall, and just at the onset of death it may 
be below 30° C. Active muscular exercise raises the temperature 
temporarily by about 0*5° to 1° C. 

Since the temperature of the body depends on the difference 
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between the aniount of heat produced and the amount lost, we shall 
now consider heat production and heat loss in turn, and then study 
the way in which these are normally adjusted for the maintenance of 
a nearly constant temperature in the homoiothermal animal. 

Heat Production. 

(1) Effect of Changes of External Temperature . — In theory there i ■ 
a fundamental difference between cold- and warm-blooded animals in 
their reactions to external; temperature. A cold environment, since 
it lowers the temperature of the poikilothermic creature, reduces the 
metabolism of all its tissues, and thus reduces its heat production. 

The warm-blooded individual reacts in precisely the opposite way. 
Since his temperature remains constant, his heat production increases, 
in order to neutralise the effect of his cold surroundings. This has 
been demonstrated in the case of fastiAg dogs. An example may be 
given. 


Temperature of air. 

18 -S” C. 

14*7“ C 

17 3* C. 

18' C. 

Heat production in calories 





per kilo per diem . 

' 787 

747 

69-8 

677 


In practice it is doubtful whether, any sucli exact relation can bt 
discerned in man, as it may be m^isked by other factors. We have 
already insisted upon the equality between the respective energy- 
values of the food eaten and of the heat produced, and upon the 
advantage of an ahiplc diet. In practice it is the amount of food 
taken which controls the heat production, rather than the reverse. 
The majority of well-to-do people, whoso appetite is stimulated by 
their palate, maintain a constant body temperature by regulating 
the loss rather than the production of heat. In this connection the 
following figures, deriveii from observations made upon a dog which 
was fed upon considerable quantities of meat, may be compared with 
those obtained when the same animal was fasting. 


Temperature of air 

7' C. 

15' C. 

20° C. 

25' 0. 

SO' c. 

Calories per kilo per diem — dog \ 
fasting J 

86-4 

63-0 

55-5 

54-2 

56-2 

Calories per kilo per diem — dog ) 
^iven 320 g. meat = 81 calories per > 

1 

87*9 

86-6 

86-2 

■ 1 

83-0 
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In the fasting dog a lowering of the surrounding temperature 
increases heat production in the animal; in the well-fed dog this 
is hardly noticeable. 

On the other hand, it is instructive to note the types of food 
eaten by the natives of different climates. The Hindoo, who eats 
rice, r^uires to produce^ much less heat than the Eskimo, who 
makes'^eal meat and blubber his staple articles of diet. 

The Seat of Heat Production. — While we say that every 
living tissue produces heat according to its activity, certain organs, 
such as gtonds, produce an amount which is fairly constant although 
relatively small. By far the largest and most variable amounts are 
produced by the muscles, and under conditions of extreme cold, 
muscular contraction, which we know as shivering, is brought about 
reflexly to maintain body temperature. On hot days we experience 
a certain general flabbiness and lack of desire to do muscular work. 

Heat Loss. 

The two channels of heat loss susceptible to any amount of varia- 
tion are the lungs and the skin. The more air that passes in and 
out of the lungs, the greater will be the loss in warming the expired 
air and in evaporating the water of respiration. In such animals 
as the dog, which perspire but little, respiration is a most important 
means of regulating the temperature; and in these animals a close 
connection is observed between the production of heat and the 
respiratory activity. The panting of a dog when overheated is a 
familiar instance of this. A dog also, under the same conditions, 
puts out its tongue, and loses heat from the evaporation that occurs 
from its surface. The great regulator, however, is undoubtedly 
the skin, and this has a double action. 

Vasomotor Changes. — The skin may regulate its heat loss by 
changing the amount of blood passing through the skin. We are 
familiar with the flushing of the skin after exercise, due to vaso- 
dilation. In such circumstances the body loses a greater amount of 
heat by radiation, conduction, and convection. 

The Secretion of Adrenaline. — If the body is exposed to cold 
there is good evidence that adrenaline may be secreted, for it can be 
shown that the denervated heart is accelerated and skin vessels are 
constricted. This does not occur if the adrenals are removed. 
There is, however, after such removal, a much greater increase in the 
heat production by shivering (Cannon, Britton and others). In man 
this seems to bo of less importance than in the cat, for the cardiac 
acceleration is negligible except during shivering (Barcroft and 
Verzar). Metabolism is also stimulated. 

Sweating. — When the body temperature tends to rise the sweat- 
glands secrete and the evaporation of the sweat, the latent heat of 
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which is obtained from the body, causes cooling. Sweating may, 
however, occur locally as the result of the application of local heat. 
When the sweating is excessive or the evaporation small we appreciate 
the secretion of sweat, but even at rest there is a considerable amount 
of insensible perspiration which passes unnoticed. The amount of 
evaporation depends on the humidity of the atmosphere. We are 
familiar with the increased sweating which occurs on a hot moist 
day. The hot day, however, has the advantage over the cold day in 
that the relative humidity of the air is decreased. 

The atmosphere may vary appreciably in its cooling power, 
according to the rapidity with which the air in the immediate 
vicinity of the body is changed. A draught causes excessive cooling 
of the body, therefore, by increasing the loss by convection. 

Quite otherwise is it in climates where the tropical sun is 
combined with the moisture-laden wind. There the possibilities of 
heat loss both by radiation and by evaporation are small, and 
the inhabitant perforce reduces his heat production to a minimum. 
He lives indoors, and takes as little exercise as possible. 


Certain Factors which govern the Relation between Heat 
Production and Heat Loss. 

(1) Size . — The quantity of heat produced by mammals of the same 
size is practically constant. It is not, however, directly proportional 
to the weight of the animal, nor on the relative size of the individual 
cells. Tlie size of the cells in a mouse is not very different from that 
of the cells in a horse, yet a mouse produces 452 large calories per 
kilogramme of body- weight in twenty-four hours, and the horse only 
14’5 calories. The mouse thus requires thirty times more food per 
unit of body-weight than the horse. The constant factor is body- 
surface; all well-nourished animals, including man, produce the 
same number of calories per square metre of surface (Rubner). 
The body-surface is relatively large in a small animal. The loss 
of heat is diminished both by the occurrence of fur and by the 
absence of sweat in the skins of most small animals, and in man 
the natural conditions may be much modified by artificial ones, such 
as clothing. 

(2) Age . — Inasmuch as the young are small, active, and growing, 
their heat production is relatively large; and further, since the 
extreme constancy of temperature which an adult man has attained 
is an evolved characteristic, very young children, in common with 
animals, are subject to changes of body-temperature which would be 
of much graver import in older people. 

(3) Constitution . — Different individuals differ greatly in their 
power of heat loss. Apart from differences in size and in the faculty 
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of perspiration, there remain such differences as those of compactness 
of sliape, and especially in the amount of adipose tissue with which 
the viscera are protected. 

Regulation of Body Temperature. 

The body temperature appears to be regulated by an area 
in the brain known as the heat-regulating centre. This centre 
influences the vasomotor and sweating centre and thereby regulates 
heat loss from the cutaneous blood-vessels, and possibly the lower 
centres controlling heat production, e.g. those which innervate 
voluntary muscle. Evidence of this was put forward by llarbour, 
who showed that if this part of the brain was perfused with fluids 
of different temperatures, the corresponding body reactions were 
obtained. The injection of hot saline into the peripheral end of the 
carotid artery may be shown to cause cutaneous vasodilatation, so that 
the temperature of the body is lowered ; the reverse occurs when cold 
saline is injected. Evidently the thermotaxic centre is extremely 
sensitive to changes of temperature in the blood flowing through it. 

If this part of the central nervous system is cut off by section of 
the cord or is anenesthetised, the body temperature falls; hence the 
necessity for keeping an anaesthetised patient warm. It has been 
quite clearly shown that if the section of the brain is made below 
the thalami, temperature regulation is lost, the animal becoming 
poikilotherrnal (Magnus). The exact region of the centre is probably 
the hypothalamus. It was originally thought to be the corpus 
striatum, but Magnus sliowed that animals retain their heat- 
regulating power when this region is removed. 

At the same time it must be understood that the centre is also 
responsive to stimulation of the skin. Exposure of the body to 
cold, e.g. baths at body temperature, causes shivering before body 
temperature has fallen. This appears to be due simply to a fall 
in the temperature of the nerve-endings of the skin (Liljestrand 
and Magnus). Local exposure of the body to heat will also cause 
local sweating. Presumably reflexes are concerned (O'Connor) 
and provide a more rapid control than would be possible through 
the blood. 

Fever. — Fever is primarily due to a diminished heat loss. An 
increased .heat production occurs in fever, but that this alone does 
not produce the condition is seen by the fact that in exercise or 
exophthalmic goitre, in which metabolism is enormously increased, 
there is only a very small rise in temperature; it is evident that 
the normal body can get rid of enormous amounts of heat: nor 
is the heat-regulating centre completely out of order, for it can be 
demonstrated that a febrile patient shows reactions to heat and cold. 
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It may be that the diminished heat loss is initially due to 
withdrawal of blood from the skin, i.e. when the sickening individual 
looks pale. Lauder Brunton showed that l)lecding would cause a. 
temporary rise of internal temperature in this way. There is, 
however, at the same time a marked increase of heat production 
(and of metabolism generally which leads to wasting). The increase 
maybe due' to the disease-producing %gent 'itself, but is-e^intributed 
to by the effect of tlie rise in temperature on metabolism. Eventually 
in fever there may bo a flushing of the skin, but this is less than 
normal for the same rise of temperature. 

The withdrawal of blood from tlie skin may be a result of 
diminution 'in th6*volume of the blood due to the taking up of 
fluid by the tissues, a suggestion supported by the fact that the 
blood becomes more concentrated (Barbour) ; or it may be that the 
blood is required elsewhere internally to deal with the infection, 
the skin vasoconstriction simply compensating for vasodilatation 
elsewhere. / 

This explanation of fever indicates why it is that although the 
heat - regulating mechanism reacts to changes in temperature it 
a])j)oars to be set at a higher level. The withdrawal of l)lo()d from 
the skin necessarily reduces the response to a higher temperature. 

Fever is, however, in a degree ])rotectivc as antilwdies are more 
actively produced at a higher than at a lower body temperature. 
The increased meial)olism also assists the body to deal more 
adequately with the infective agents. 

The sensation of temperature bears no relation to the actual 
body temperature and depends on the temperature of the nerve- 
endings of the skin which are affected by the outside air and by the 
amount of blood in the skin. The pale, shivering patient suffering 
from a malarial attack may liave a temperature of 104°. Similarly, 
people about to develop influenza look a little pale, and feel a little 
shivery for the same reason. On the other hand, drugs which cause 
dilatation of the skin - vessels, e.g. alcohol, cause a fall of body 
temperature, although they give a sensation of cutaneous warmth. 
After a prolonged hot bath, an individual may feel quite warm, 
because the skin-vessels become paralysed and may lose so much 
heat that he “ catches a chill ” as a result of the lowering of bodily 
resistance. 
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CHAPTER XLIII 


THE CENTRAL NERVOUS SYSTEM 

The central nerv/ni^-^stem is contained within the cranio-sj)inal 
cavity, and consi^s of brain and spinal cord. These two parts are 
continuous with one another, and the line of separation is arbitrarily 
drawn at the foramen inagnunj by which orifice the spinal cord 



Fio. 218.-— Base of the brain. 1, Superior longitudinal fissure ; 2, 2 ', 2", anterior cerebral lobe ; 3, fissure 
of Sylvius, between anterior and 4, 4', 4", middle cerebral lobe; 5 , 5', posterior Jobe; fi, medulla 
oblongata ; the figure is in the right pyramid ; 7 , 8, 9, 10, the cerebellum ; -f , the inferior vermiform 
process. The fipues from I. to IX. are placed against the corresponding cerebral nerves; III. is 
placed on the right pedunculus cerebri; VI. and VII. on the pons; X. the first cervical or 
suboccipital nerve. (Allen Tlmmson.) 


leaves the skull. Both brain and cord are enveloped by three 
connective- tissue membranes, known from without inwards as dura 
mater, arachnoid, and pia mater respectively. 
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Anatomy of the Brain 

At tlie lowest part of the brain (fig. 214), continuing tlie spinal 
cord upwards, is the medulla oblongata or hulh (1)). Next comes the 
pons Varolii (C), very api)ropriately called the bridge, because in it 
are the connections between the bulb and the upper regions of the 
brain, and between the cerebellum or small brain (B), and the rest of 
the nervous system. 

The mid-brain comes next {a, b) and this leads into the peduncles 
or crura of tlie cerebrum (A), the largest portion of the brain. 



Fto. 214 — PliiTi m outline of the brain, .is seen from the riglit side. The parts are represented as 
separated liorn one anotlier soniewliat more than naturally, so as to show thoir connections. A, 
cerebrum; /, g, h, it.s anterior, middle, and posterior lobiss; e, lissuie of Sylvius ; 11, corHi)e]luni ; 
C, pons; D, medulla oblongata; a, peduncles of the cerebrum; 6, c, d, superior, middle, and 
luferior peduncles of the cerebellum (From Quain.) 

But such a complex brain as the hiunan brain does not obtain 
throughout the vertebrate series. The lower one goes in the scale, 
the smaller and less important does the cerebrum become, until in the 
fishes the cerebral hemispheres are practically absent. It is the large 
size and convoluted cortex of these hemispheres which distinguishes 
the higher from the lower vertebrates. 

A comparative study of the brain in different animals has been 
most valuable in the elucidation of the functions of its various parts. 

There is some relation between the degree of development of the 
different parts of the brain and the habits of an animal For 
instance, animals which rely largely on the sense of smell for their 
prey have a large olfactory area; whereas in such animals as 
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the porpoise, which have no sense of smell, the olfactory area of the 
brain is absent. Animals with keen vision have a large visual 
area in their brains ; animals of nocturnal habits, or which live 
underground in the dark, have a very small one. In fishes and birds 
we find the cerebellum and mid-brain (optic lobes) are relatively 
large. In fishes there is no convoluted cerebrum, little else but 
the basal ganglia being present. '• 

In spite of these differences, and many more might be mentioned, there is 
throughout the vertebrate series from fish up to man the same general plan of 
construction ; and the brain of the human embryo resembles the brain of the 
adult fish. A section through the brain of fishes sliows the presence of the cerebral 
ventricles and the relationship of the pituitary body. 
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CHAPTEE XLIV 


THE SPINAL CORD AND SPINAL NERVE-ROOTS 

The spinal cord is a column of norve-sul>s Lance connected above with 
the medulla oblongata of the brain, and situated in the vertebral 
canal. - If it is cut across it is seen to be composed of grey matter 



Fia. 216.— DilTerent views of a portion of the spinal cord from the cervical region, with the roots of the 
nerves (slightly enlarged) In a, the anterior surface of the specimen is shown ; the anterior nerve* 
root of its right side is divided; in b, a view of the right side is gi\en ; in o, the upper surface is 
shown; In d, the nerve-roots and ganglion are shown from below. 1, the anterior median Assure; 
2, posterior median Assure; 8, anterior lateral depression, from which the anterior nerve-roots are 
seen to issue; 4, po.storior lateral groove, into wluch the posterior roots are seen to sink; 5, 
anterior roots passing the ganglion ; 5', in a, the anterior root divided ; 6, tlie posterior roots, the 
fibres of which pass into the ganglion 6' ; 7, the united or compound nerve ; 7', the posterior primary 
branch, seen in a and d to be derived in part from the anterior and in part from tlio posterior root. 
(Allen Thomson.) 


which on histological examination is found to be composed largely of 
nerve-cells, and of white matter which is composed of nerve-fibres. 
The white matter is situated externally, and constitutes its chief 
portion ; the grey matter is in the interior, and is so arranged that 
in a transverse section of the cord it appears like two crescentic 
masses connected together ^by the posterior commissure (fig.^215). 

619 
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The apices of each crescent are called the anterior and posterior 
horns respectively. Throughout the whole length of the cord runs 
the central canal, which opens above into the space at the back of 
the medulla oblongata and pons, called the fourth ventricle. 

The spinal cord consists of two symmetrical halves, separated 
anteriorly and posteriorly by vertical fissures (the posterior fissure 
being deeper, but less wide and distinct than the anterior). Each 
half is marked on the sides (obscurely at the lower part, but 
distinctly above) by two longitudinal furrows, which divide it into 
three portions, columns, or tracts, an anterior, lateral, and ^posterior. 
From the groove between the anterior and lateral columns spring 
the anterior roots of the spinal nerves (fig. 21<b b and c, 5); and just 
in front of the groove between the lateral and posterior columns the 
posterior roots enter (b, 6) : a pair of roots on each side corresponds 
to each vertebra. The posterior root is characterised by the 
ganglion on it. These two roots after a short distance join together 
to form what is known as a mixed nerve. The functions of the 
roots are dealt with later, but it may be noted 
Iku’o that the anterior is efferent or motor and 
tlie posterior is afferent or sensory. - 
, Grey Matter. — The grey matter of the cord 
consists of nerve-fibres, most of which are very 
line and delicate, of nerve-cells with branching 
processes supported by the meshes of neuroglia. 
The neuroglia of the grey matter resembles that 
of the white, but insteacl of everywhere forming 
a close network to support the nerve-fibres, here 
and there it is in the form of a more open 
sponge-work to support the nerve-cells. It is 
especially developed around the central canal, 
which is lined with ciliated columnar epi- 
thelium, the cells of which at their outer ends 
terminate in fine processes, which join the 
neuroglia network surrounding the canal, and 
form the substantia gelatinosa centralis. It is 
also developed at the tip of the posterior cornu 
of grey matter, forming what is known as the substantia gelatinosa 
lateralis oi Kolando, which is much enlarged in the upper cervical region. 



HI)iiial coni to allow the 
pniioipul groups of cells in 
the grey matter ; a, groujis 
of cells m the anterior 
horn; c, Clarke’s column; 

l, intermedio-lateral group; 

m, midcllo coll column ; p, 
scattered colls of the pos- 
terior horn. (Diagrammatic 
after Scliafer ) 


Groups of cells in the prey matter . — The multipolar cells of the grey matter 
are either scattered singly or arranged in definite groups (see fig. ’216). 

(1) Anterior horn cells . — ^In the cervical and lumbar enlargements there are several 
groups of large multipolar cells in the anterior horn ; in the thoracic region these are 
reduced to two, a mesial and a lateral group. The larger groups correspond to 
segments of the limbs, and in the cervical cord there is one special group from 
which the phrenic nerve arises for the supply of the diaphragm. The axons pass 
out by the anterior nerve-roots of the same side, but a few axons pass to the 
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antero-lateral column of the same side, and then by the wliite commissure to that 
of the opposite side. In birds, a few axons are stated to pass to the posterior roots. 

{2) Clarkes column. — ^This is a group of large nerve-cells with their long axis 
vertical. It lies at the base of the posterior horn, and is best marked in the thoracic 
region. The axons of these cells pass into the cerebellar tracts. 

(3) Intermedio-lateral group. — This is seen in the outer part of the grey matter of 
the lateral horn, and is most distinct in the upper thoracic and lower cervical regions. 

^4) The middle cell column lies in the middle of the crescent. 

(5) The cells of the posterior horn are usually small ; they are numerous, but are 
not disposed in special groups except at the base of this horn in the thoracic region 
where lies Clarke’s column of cells, whose axons form the spi no-cerebellar tracts. 

White Matter. — The white matter of the cord is made up of 
medullated nerve-fibres, of different sizes, running mainly in a 
longitudinal direction, and of a supporting material of two kinds, 
viz. : — {a) Ordinary fibrous connective tissue with elastic fibres, which 
is connected with septa from the pia mater which pass into the cord 
to carry the blood-vessels, {h) Neuroglia; the processes of the 
neuroglia-cells are arranged so as to support the nerve-fibres, which 
are without the usual neurolemmal nerve-sheaths. 

The general rule respecting the size of different parts of the cord 
is that each part is in direct proportion to the size and number of 
nerve-roots given off from it. Thus the cord is very large in the 
middle and lower part of its cervical portion, whence arise the large 
nerve-roots for the formation of the brachial plexuses and the supply 
of the upper extremities ; it again enlarges at the lowest part of the 
thoracic and the upper part of its lumbar portions, at the origins 
of the large nerves which, after forming the lumbar and sacral 
plexuses, are distributed to the lower extremities. The chief 
cause of the greater size at these parts of the spinal cord is increase 
in the quantity of grey matter ; the white part of the cord (especially 
the lateral columns) becomes gradually and progressively smaller from 
above downwards, because a certain number of fibres coming down 
from the brain pass into the spinal grey matter at different levels. 

' Throughout the central nervous system large numbers of nerve- 
fibres become collected into bundles which subserve special functions 
and are called columns or tracts. 

Methods of investigating the Tracts of the Central Nervous 
System and the Spinal Roots. 

{a) It has been possible to trace some tracts by stimulating them 
at one point and observing the effect, and this may be amplified 
by section of the pathway at various points. 

(&) It has been found possible also to follow certain tracts by 
tracing the course of electrical impulses. Most of our information 
has, however, been collected by older or more laborious methods. 

(c) The emhryological method . — It has been found by examining 
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the spinal cord at different stages of its development that certain 
groups of the nerve-fibres put on their myelin sheath at earlier 
periods than others, and so the different groups of fibres can be 
easily distinguished. 

(rZ) JF alUrian or degeneral'mi method . — This method depends upon 
the fact that if a nerve-fibre is separated from its nerve-cell, 
it degenerates. It consists in tracing the course of tracts of 
degenerated fibres, which result from an injury to any part of the 
central nervous system. When fibres degenerate below a lesion, the 
tract is said to be one of descending degeneration, and when the fibres 
degenerate in the o])posite direction, the tract is one of ascending 
degeneration. By tlie modern methods employed in staining the 
central nervous syshmi, it has proved comparatively easy to distinguish 



Fiti, *jl 7. —Diagram lo illustrate Walli'rian dogeiioratioii of nerve-roots. 


degenerated parts in sections of the cord and of other portions of the 
central nervous system. Degenerated fibres liave a different staining 
reaction from normal tissue when,, the sections are stained by the 
Weigert-Bal method; this consists “in overstaining them in a special 
solution of hamiatoxylin, and then decolorising with potassium 
permanganate and sulphuric acid. The degenerated fibres appear 
light yeljpw, whereas the healthy fibres remain a deep blue. 
Marchi’s'osmic acid method has already been referred to on p. 79. 
Accidents to the central nervous system in man have given us 
much information on this subject, but this has been supplemented 
and largely extended by experiments on animals, particularly on 
monkeys; and considerable light has been shed on the conduction 
of impulses to and from the nervous system by the study of the 
results of section of different parts of the central nervous system, 
and of the spinal nerve-roots. 
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yBy the degeneration method it has been possible to show tliat 
the anterior root is coinpos(?d of the axons of cells in the anterior 
horn of the spinal cord and that the posterior root is composed of 
axons of cells whicdi are sitnated in the ganglion of the posterior 
roots. Separation of the axons from their parent cells results in 
degeneration of the axons. Tluise facts, made out by the elder 
Waller, are illustrated by fig. 217 in which : 

• ' A represents a section of the mixed nerve beyond the union of 
the roots ; the whole nerve beyond the section degenerates, and is 
consequently shaded black in the figure. 

‘JB represents the result of section of the anterior root; only the 
anterior J root-fibres degenerate; the sensory filnes of the posterior 
root remain intact. The small medullated 
nerve-fibres (not shown in the diagram) also 
degenerate as far as the ganglion cells of 
the sympathetic system with which they 
communicate. 

' Some recurrent sen.sory fibres in thi.s root do not 
degenerate with the others, but are found degenerated 
in the part of the anterior root attached to the spinal 
cord. 

Section of the posterior root always 
produces the saine physiological elfect (loss 
of sensation)* wlierever the section is made, 
but the degeneration effect is different 
according as the section is made on the 
proximal or distal side of the ganglion. If 
the section is made beyond the ganglion, the 
degeneration occurs as shown in 0 beyond 
the section in the peripheral portion of 
the posterior root-fibres ; the anterior root 
remains intact except for the recurrent 
sensory fibres which it contains. 

“If the section is made as in I) (fig. 

217), the posterior roots degeiuirate between 
the ganglion and the cord, and if several posterior roots are so 
cut the dc^generation may be traced into the cord. '•Tmmediately 
above, the degenerated fibres will be found in the column of 
Burdach; higher up in the cord they will be less numerous, and will 
have approached the middle line; the fibres which enter the cord 
lowest get ultimately nearest the middle line, so that the greater 

* In order to obtain any appreciable los.s of motion or sensation, it is necessary 
to divide several roots (anterior or posterior as the case may be), as there is a good 
deal of overlapping in the peripheral distribution of the fibres. In the case of the 
limbs, section of one or two roots may cause paralysis of individual muscles. 



Fio. 218.— Groups of fibres from 
this anterior and posterior 
roots several days after sec- 
tion of botli roots close to the 
cord ; the anterior fibres are 
degenerated ; the posterior, 
being still in connection with 
the nerve-cells from which 
they grew, are normal. 

(Mrs Waller tor Ur Waller ) „ 
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part of the column of doll is made up of sensory fibres from the 
legs; th(i fibres whicli enter the cord last, for instance those from 
the up})er lind)S and neck, pursue their upward course in the column 
of ihirdach. 

The accompanying figure (fig. 219) shows the degeneration in a 
section of the spinal cord, after the division of a number of lower 
posbu’ior iierve-roots on one side. The microscopic section is taken 
high up, so tliat all the degenerated fdjres have passed into the 
column of Goll on the same side; the medial set (1) are shaded 
differently from the lateral set (2), indicating that those nearest the 
middle line come from the lowest nerve-roots. Those which cross to 
the opposite side soon after entrance into the cord, are not shown ; 
they will l)e foupd forming a scattered degeneration in the ascendhig 

tracts of the other side. In 
a<ldition to the degeneration 
of the posterior columns, such 
section of the posterior roots 
(5aus(\s a d(\generation of a few 
fibr(^s which descend in tluuiord 
to lower segments, called the 
(jonima tract. ^ 

We may pass from this to 
consider the tracts of degenera- 
tion that occur when the spinal 
cord is cut right across in the 
thoracic region. Some tracts 
will be found degenerated in 
the piece of cord below the 
lesion; these consist of nerve- 
fibres that are connected with the nerve-cells in the brain ; the 
])rincipal oiu'.s are the pyramidal tracts. Other tracts are found 
degenerated in the piece of cord above the lesion ; these consist of 
nerve-fibres that are connected with the nerve-cells of the spinal 
ganglia, or witli the cells of the spinal cord itself below the lesion, 
and are passing upwards. 

In general terms we may say that the tracts which degenerate 
downwards are the (ifferent or motor tracts, and those which degenerate 
upwards are the afferent or sensory channels. We must also take into 
account groups of association fibres which unite different regions 
of the cord ; these are generally short tracts in which, therefore, 
degeneration can only be traced a short distance up or down. 

Fig. 220 shows in a schematic way the manner in which the fibres of the two 
roots of a spinal nerve are connected to the grey matter in the cord. 

1, 2, 3, 4 represent four cells of the anterior horn. Each gives rise to an 
axis-cylinder process A, one of which is shown terminating in its final ramifica- 
tion in the end-plate of a muscle-fibre M. Each of these four cells is further 



Fio. 21 y — Dogennation in column of Coll after 
section of posterior ner\ o-roots. 
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surrounded by an arborisation (synapse) derived from the fibres of the pyramidal 
tract P, which comes down from the brain. The pyramidal fibres really terminate 
round the cells at the base of the posterior horn ; these cells therefore act as 
intermediate cell-stations on the way to those in the anterior horn. They are 
omitted from the diagram to avoid confusion (see» however, fig. 221, p. ^!26). 

A fibre of the posterior root is also shown ; this originates from the cell G of 
a spinal ganglion ; the process of this cell bifurcates, one branch (B) passing to 
the periphery, where it ends in an arborescence in the skin (S) ; the arrow by the 
side of this branch represents the direction of conduction of the sensory impulses 
from the skin. An arrow in the opposite direction would indicate the direction of 
its growth. The other branch (C) passes into the spinal cord, where it again 



bifurcates ; the branch E, a short one, passes downwards and ends in an arborisa- 
tion round one of the small cells (Pj) of the posterior cornu ; from which a 
new axis-cylinder arises, and terminates round one or more of the multipolar 
cells (4) of the anterior horn. 

The main division D travels up in the posterior column of the cord, and ends 
in grey matter at various levels. Some collaterals (5) possibly terminate by 
arborising directly round the anterior cornual cells, principally or the same side ; 
but the majority (6) do so with an intermediate cell-station in a posterior cornual 
cell (Pg); others (7) arborise round the cells of Clarke’s column (C) in the thoracic 
region of the cord, and from these cells fresh axis cylinders carry up the impulse 
to the cerebellum in what are called the cerebellar tracts, while the main fibre (8) 
may terminate in any of these ways at a higher level in the cord, or above the cord 
in the medulla oblongata. A certain number of posterior root-fibres, however, 
cross the middle line and pursue their way up to the bulb in the ascending tracts 
of the opposite side of the cord. 
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Descending Tracts. 

(1.) (h'osmi pyramidal tract, — This is situated in the lateral 
column on the outer side of the posterior cornu of grey matter. At 
the lower part of the spinal cord it extends to the margin, but higher 
up it becomes displaced from this position by the interpolation of 
anotlier tract of fibres, to be presently described, viz., the direct 
cerebellar tract. .Its shape Varies in different regions of the cord, 
and its size diminishes from the cervical region downwards, fibres 
passing olf as they descend, to arborise round the nerve-cells of 



Fio. 221.— Tracts of desceiuliiig degeneration. For the sake of clearne.ss cacli is shown on 
only one side. -The lines indicate how tie* tracts are connected to the anterior roots. 
(After Scliafer ) 


tlio posterior horn. The fibres of which this tract is composed are 
moderately large, but are mixed with some that are smaller. 

(2.) Direct or uncros^^ed 2 )yi’opiidal tract . — This is situated by the 
side of the anterior fissure. Its fibres cross at intervals to the 
opposite side as far as the lower thoracic region. 

The two pyramidal tracts, which are concerned with the per- 
formance of voluntary movements, come down from the cerebrum. 

^^i^Hngled with thei fibres of the cros.sed pyramidal tract are a few fibres of the 
pyramid which have not crossed in the medulla oblongata, and are therefore 
derived from the same side of the cerebrum {uncrossed cerebrospinal fibres). 

The pyramidal fibres are not found at all in vertebrates below 
the mammals. In the lower mammals they are very few, and in 
some rodents (rat, mouse, guinea-pig) they are placed in the posterior 
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columns. The direct pyramidal tract is found only in man and 
the higher apes. 

(3.) Antero-lateral descending tract, or tract of Loewenthal, lies by 
the side of the anterior median fissure, and extends along the margin 
of the cord towards the lateral column. ^4t contains important 
vestibulo-spinal fibres which arise mainly from Deiters’ nucleus via 
the posterior longitudinal bundle of the medulla oblongata and which 
are concerned with the maintenance of reflex tone, especially of 
the extensor muscles. The fibres of the tract end by synapses in 
the anterior horn. Section of the vestibulo-spinal tract abolishes 
decerebrate rigidity. - 

(4.) Ruhro-spinal or jore-pyramidal tract . — This is situated just 
in front of the crossed pyramidal tract. Its origin is in the cells 
of the opposite red nucleus in the mid-brain; hence its name, 
rubro-spinal. It crosses in the mid- brain at the decussation of 
Forel. Its fibres end by arborisations in the grey matter about the 
middle of the crescent. Section of this tract together with the 
pyramidal tract causes decerebrate rigidity, but there are differences 
in different animals. In man, disease of the pyramidal tract produces 
an analogous condition in the limbs at least. 

(5.) Bundle of Helweg or Olivospinal tract. — These fibres can be traced from 
the olivary body in the medulla oblongata, and pass down in the anterior part of 
the lateral column in the cervical region. 

(6.) Short tracts in the posterior column. — These are (a) the Comma tract ; 
though this degenerates downwards, it is in reality a sensory tract, being com- 
posed, as we have already seen, of the branches of the entering posterior root-fibres 
which pass downwards on entering the cord. It is found only for a comparatively 
short distance below the actual lesion. (6) Septomarginal fibres ; these are few in 
number, and are mainly found near the median fissure, where they constitute the 
oval bundle, and near the posterior surface, where they form the median triangular 
bundle. These are doubtless short association tracts, and are mixed with others, 
especially in the ventral part of the posterior column, which have an “ascending” 
course. 


Ascending Tracts. 

(1.) Fanirulus ffrardis, or column of Goll. — This consists of 
fibres derived from the posterior roots of the sacral, lumbar, and 
lower thoracic nerves. These fibres enter the postero-lateral colurnu, 
and gradually pass towards the mid-line, as already explained. 
They end in the grey matter of the nucleus gracilis of the bulb. 

(2.) ''Funiculus cuneutus/or column of Burdach. — Many of the 
fibres of this tract, which is also composed of the entering posterior 
nerve-roots, pass into the grey matter of the cord either immediately 
on entrance, or in their course upwards. The rest continue upwards 
to the medulla oblongata, but those from the lower roots pass into 
the column of Goll, as just stated; those from the upper roots 
continue to travel upwards in the column of Burdach, and end in 
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the grey matter of the luieleiis cimeatus in the medulla oblongata. 

' The columns of Goll and Burdach are concerned with the conveyance 
of impulses und(ud3dng the sensations of movement and position, and 
also of touch and the sense of vibration. 

(3.) Dorsal or direct cerehellar tract, or tract of Fleclisig. — This 
is found in the cervical and thoracic regions of the cord, and is 
situated between the crossed pyramidal tract and the margin. Tt 
degenerates on injury or section of the cord itself, but not on 
section of the posterior nerve-roots. Tn other words, its fibres 
arc endogenous, i.e., arise from cells within the grey matter of the 



Fio. 222 —Tracts of ascending degeneration, shown on one side of the cord only. (After Schafer.) 
The lines indicate the axons which connect the tiacts with the posterior nerve-roots. 


tract conveys afferent impulses which do not reach consciousness 
but which are concerned with the co-ordination and tone of muscles. 

(4.) Antero-lateral ascending tract. — This is situated in front of 
the crossed pyramidal tract in the lumbar region, while in the 
thoracic and cervical regions it forms a narrow band at the margin 
of the cord, curving round even into the anterior column. Its fibres 
intermingle with those of the antero-lateral descending tract,’^and 
consist ; of three sets: {a) The indirect or ventral sjgino-cerebellar 
tract of Gowers * arises from the cells of Clarke’s column of the 
same side, to some extent from those of the opposite side. Its 
fibres reach the cerebellum for the most part through the superior 
peduncle, which they enter by curving backwards just above the 

* Gowers originally described an antero-lateral tract to the cerebellum only. 



CH. XLIV.] 


ASCENDING TKACTS 


629 


place of exit of the fifth nerve, but some enter the inferior peduncle. 
The tract conveys impulses which do not reach consciousness, but 
which, like those of the dorsal cerebellar tract, are concerned with 
the maintenance of refiex tone and co-ordination of muscles, (b) The 
sinno-thalamic tract is an important constituent of the antero-lateral 
ascending. Its fibres arise from the cells of the middle and base of 
the posterior cornu of the opposite side. Above they can be traced 
to the thalamus. The tract can he divided functionally into a 
dorsal part conveying impulses of pain, heat, and cold, and a ventral 
portion, situated in the anterior column, conveying impulses of touch 
and pressure. This separation of the pain fibres in the tract makes 
it possible for the surgeon to cut these fibres in states involving 
prolonged pain. The fibres may also become separately involvecl 
in disease of the spinal cord, (c) The Ucto-s'pinal fibres arise from 
the cells of the posterior horn of the opposite side. They end in 
tlie corpora quadrigemina. „ 

(5) Tract of Lissauer . — This is a small tract of ascendinf? fibres situated at the 
outer side of the tip of the posterior horn. They consist of the spinal branches of 
the entering posterior root-fibres, and can be traced into the grey matter of the 
posterior horn. 


Association Fibres in the Spinal Cord. 

Some of the short tracts already alluded to as demonstrable in 
the spinal cord are bundles of association fibres wliich connect 
its different levels. The main difficulty of investigating tliem 
by the degeneration method has arisen from the fact that they 
are largely intermingled with, and so are hard to distinguish from, 
the long tracts which connect brain and cord.' ' Their presence 
has been demonstrated by Sherrington by the method of successive 
degeneration. The spinal cord of a dog was completely divided 
across, and the animal was kei)t alive for a considerable time 
afterwards; sufficient time was allowed to elapse (roughly about 
a year) for all traces of the degeneration due to this lesion to 
have disappeared. The cord was then left, as it were, like a 
cleaned slate, on wliich once more a new degeneration could be 
written witliout fear of confusion with a previous one. The second 
degeneration produced by such an operation as hemisectioii could 
then affect the intra-spinal fibres only, all the long tracts from brain 
to cord having been wiped out by the first o})eration. The complete 
topography of all these fibres, which are very numerous, has not yet 
been worked out. 
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STRUCTUKE OF THE BULB, PONS, AND MID-BRAIN 

Anterior Aspect 

The bull) is larger than the spinal cord, and enlarges as it goes 
u]) until it terminates in the still larger pons (lig. 223, p). The 


columns of the bulb are, speaking 
roughly, continuations upwards of 
those of the cord, but there is in 
each a considerable rearrangement 
of the fibres. Thus the prominent 
columns in the middle line, called 
the pyramids {a a), are composed 
of the fibres of the pyramidal tract 
(see fig. 223). 

On the outer side of each 
pyramid is an oval prominence 
{c 6’), which is not represented in 
the spinal cord at all. These are 
called the olivary bodies or olives; 
they consist of white matter out- 
side, with grey and white matter 
in their interior. 

The restiform bodies at the sides 
{d d) are the continuation upwards 
of those fibres from cord and bulb 
which enter the cerebellum, and the 
upper part of each restiform body is 
called the inferior pednnele of the 
cerebellum. 



Fio. '223 —Ventral or anterior surface of 
the pons Varolii, and medulla oblon- 
gata a, a, pyramids ; h, tlioir decus- 
sation; c, c, olivary bodies; d, d, 
restiform bodies; e, arcuate fibres; 
/, fibres passing from the anterior 
column of the cord to the cere- 
bellum; g, antenor column of the 
.spinal cord; h, lateral column; p, 
pons; t, its upper fibres, 6, 5, roots 
of the fifth (trigeminal) pair of nerves 


Posterior Aspect. 

On the posterior fisjiect (see figs. 224 and 225) are seen the 
continuations upwards of the columns of Goll and Burdach on each 
si4e of the median fissure. '^The central canal of the cord gets nearer 

fiai 
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and nearer to the dorsal surface of the bulb, till at last it opens out 
on its back, and its surrounding grey matter is spread out to 
form the iloor of the fourth ventricle. The two upper boundaries 
of tlie diamond-sha})ed space are made by the superior peduncles 
of the cerebellum, the two lower boundari(\s of the space are 
made by tlui diverging posterior (jolumns. Superiorly the fourth 
ventricle is joined with the third ventricle by the aqueduct of 
Sylvius. 


The Internal Structure of the Bulb, Pons, and Mid-Brain. 


Tlie white matter coiisists of tracts or bundles of fibres running 
u}) and down between thii brain and the cord. The most important 
striitch of grey matter is (iomposed of groups of nerve-ct^lls or nuclei 
of the cored iral nerves, d'here are twelve pairs of cerebral nerves, 
and of these the last (ught pairs originate from the floor of the fourth 
ventricle or the neiglibouring grey matter. 

The following is a list of the cranial nerves: — 


Olfactory . — This is the nerve of smell. 

Ojitic . — This is the nerve of sight. 

Oculo-motor\ , , , , , 

Trochlear three nerves su])ply the muscles of the 

‘ ^ ^ I eyelmll. 

Abducens J 


5. Triijeminal . — This is the great sensory nerve of the face and 
h(^ad. Its smaller motor division supplies tlie muscles of mastication 
and a few other muscles also. 

7. Facial . — This is mainly the motor nerve of the face muscles, 
but contains some sensory fibres, including those of taste. 

8. Auditory . — This is divided into two parts, one of which, called 
the cochlear nerve, is the true nerve of hearing, and is distributed 
to the cochlea of the internal ear; the other division, called the 
vcstibidar nerve, is distributed to the vestibule and semicircular 
canals of the internal ear, and is concerned in the appreciation of 
movement and the position of the head. * 

9. Glosso-pharyiKjcal . — This is a mixed nerve ; its motor fibres 
pass to certain of the pharyngeal muscles; its sensory fibres are 
mainly concerned in the sense of taste. 

10. Vagus or pnenmogastric . — This is a nerve with varied efferent 
and afferent functions ; its branches pass to pharynx, larynx, 
(Esophagus, stomach, lungs, heart, intestines, liver and spleen. 
We have already studied its functions in connection with those 
organs. 
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11. Spinal Accessory . — The internal branch of this nerve blends 
with the vagus, and its larger external division supplies the trapezius 
and tlie sterno-cleido-niastoid muscles. 



Fio. 224 —Diagram to show the position of the nuclei of tlie cerebral nerves (after Sherrington). The 
medulla and pons are viewed from the dorsal aspect, the cerebrum and cerebellum having bewi cut 
away The nuclei (sensory coloured red, and motor blue) are represented as being seen through trans- 
parent material. C Q., a., anterior corpus quadngeminum [superior colliculus]; C Q. posterior 
corpus quadngeminum [inferior colliculus]; C G., corpus geniculatum internum; v v., value of 
Vieu.ssens; Ic., locus coeruleus; eminentia teres; str. A., strue acousticn* ot eighth neive. 
S P., M P., and I.P., superior, middle, and Inferior cerebellar peduncles respectively cut through 
The numerals III to XII. indicate the nuclei of the respective cerebral nerves, all shown on the 
left side except the accessory. vago-glosso-pharyngeal IX , X., XI., which to avoid confusion ts 
plated on the right side. Vm. ts the motor nucleus of the fifth nerve; Vd., the sensory nucleus 
of the same nerve with its long descending root; VII Im , the median nucleus of the auditory 
nerve; N.D Nucleus ofDeiters; n. omb. nucleus ambiguus The position of the descending root 
of the ninth and tenth (fasciculus solitarius) is also indicated (/ s ). 

12. Hypoglossal. — This is the motor nerve to the tongue 
muscles. 

A mere enumeration of the nerves connected to the bulb 
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shows how supremely important this small area of the brain is 
for carrying on the organic functions of life. It contains centres 
which regulate deglutition, vomiting^/ the secretion of saliva, etc., 
respiration, the heart’s movements,"^ and the calibre of the blood- 
vessels. 

When we further consider that the various centres are connected 
by groups of association fibres, we at once realise the reason for 
the complexity of the structures where all this busy traffic takes 
place. 

In the enumeration of the cerebral nerves, it will be noticed that 
many of them are either wholly motor or wholly sensory, and that 
some of them, like the spinal nerves, have a double function. The 
motor fibres start as axons from the nerve-cells in the grey matter 
of this region, just as the motor fibres in the spinal nerves originate 
from the cells of the spinal grey matter. There is a corresponding 
resemblance in the origin of the sensory fibres of the cerebral 
and spinal nerves. In the latter, it will be remembered, they 
originate as outgrowths from the colls of the spinal ganglia, one 
branch growing to the periphery, and the other to the spinal cord, 
where it terminates after a more or less extended course by forming 
synapses with the cells of the grey matter. In the sensory cerebral 
nerves the fibres have a corresponding origin in peripheral ganglia, 
and those branches which grow towards the bulb terminate by 
arborising round special groups of colls spoken of as the sensory 
nuclei. 

The diagram on p. 683 (fig. 224) roughly indicates the position of these nuclei ; 
the motor nuclei are coloured blue, and the sensory red. It must, however, be 
clearly recognised that while the motor nuclei are true centres of origin, the 
so-called sensory nuclei are groups of cells round which the entering sensory fibres 
arborise ; these cells do not give origin to the axons of the sensory nerves, but 
their axis-cylinders pass in various directions, many accompanying the fillet to the 
thalamus. 

We see that the so-called sensory nuclei (coloured red) are in the minority ; they 
comprise the sensory nucleus of the fifth nerve with its long descending root, the 
nuclei of the eighth nerve (only one of which, VIIIw., is seen in the diagram), 
and the glosso-pharyngeal and vagal portions of a long strand of nerve-cells called 
the combined nucleus of the ninth, tenth, and eleventh nerves. The remaining nuclei 
^coloured blue) are efferent, and may be principally arranged in two groups : — 
(1) the nuclei of the third, fourth, sixth, and twelfth nerves, which are close to the 
middle line ; and (2) the motor nucleus of the fifth, the nucleus of the seventh, and 
the nucleus ambiguus (motor nucleus of the ninth and tenth nerves) which form 
a line more lateral in position. 

It should be added that, except for a portion of the optic nerve-fibres, a few fibres 
of the third, and the whole of the fourth nerves, none of the fibres of the cerebral 
nerves cross to the opposite side. 
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Transverse Sections of the Brain-Stem. 

We will limit ourselves to seven transverse sections, the levels of which are 
indicated in the following diagram (fig. M25). The cerebellum has been bisected 
into two halves and turned outwards, its upper peduncles Jiaving been cut through 
to render the parts more evident. The positions of the sections are indicated 
by the transverse lines numbered 1 to 7. 

First section (fig. ^26). Through the region of the decussation of the 
pyramids at the lowest level of the bulb. « The similarity to the cervical cord 
will be at once recognised ; the passage of the pyramidal fibres (P) from the 
anterior part of the bulb to the crossed pyramidal tract of the opposite side of the 



cord cuts off the tip of anterior horn (A), which in sections higher up appears as an 
isolated mass of grey matter, called the lateral nucleus (fig. 22% n.L). The V 
formed by the two posterior horns is opened out, and thus the grey matter with 
the central canal is brought nearer to the dorsal aspect of the bulb ; the tip of the 
cornu swells out to form the substantia gelatinosa of liolando (R), which causes a 
prominence on the surface called the tubercle of Rolando ; G and C are the funiculi 
gracilis and cuneatus respectively, the continuations upwards of the columns of Goll 
and Burdach. “ 

Second section (fig. 22^). Above the pyramidal decussation. Beginning 
in the middle line at the top of the diagram, we see first the posterior median 
fissure (p.m.f), below which is the grey matter enclosing the central canal (c.c.), 
and containing the nuclei of the eleventh and twelfth nerves; the funiculus 
gracilis (fg.) comes next, and then the funiculus cuneatus (/.c.); these two 
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funiculi now have grey matter in their interior; these masses of grey matter are 
called respectively nucleus gracilis {n.g.) and imcleus cuneatus (n.c.); the fibres 
which have ascended the posterior columns of the cord terminate by arborising 
round the c(*lls of this grey matter ; the fibres from the lower part of the body end 
in the nucleus gracilis, and those from the upper part of the body in the nucleus 
cuneatus. These nuclei form a most important position of relay in the course of 
the afferent fibres from cord to brain. The new fibres (the second relay of the 
sensory spinal path) arising from the cells of these nuclei pass in a number of 
different directions, and break up the rest of the grey matter into what is called 
the formatio reticularis {/.r.) 

The nucleus gracilis and nucleus cuneatus are often spoken of as the posterior 
column nuclei ; they do not receive all the ascending branches of the posterior root- 


fibres, for a number of these branc 
arborised amongst its cells in the 

J' 



Fio. 22(5 Section through the bulb at 
the level of the decU'Ssation of the 
pyramids G, fumciilus gracilis, con- 
tnmatioii of column of Goll, C, funiculus 
cuneatus, continuation of column of 
Burdacli , U, substantia golatinusa of 
Holando, continuation of posterior horn 
of spinal cord; 1j, continuation of lat- 
eral column of cord; A, reuiaiiia of part 
of the anterior lioni, separated from 
the rest of the grey matter by the 
pyramidal llbres F, winch are crossing 
from the iiyramid of the medulla to the 
posterior part of the lateral column of 
the opposite side of the cord. 

(After Ij. Clarke ) 


hes have already entered the grey matter and 
spinal cord itself. The cells of the posterior 
column nuclei are of moderate size, and their 
axons pass as internal arcuate fibres into the 
reticular formation between the two olivary 
bodies, which is known as the inter-olivary 
layer. They cross the median raphe dorsal to 
the pyramids, and then turn upwards towards 
the upper parts of the brain, and so constitute 
what is known as the fillet or lemniscus. In 
the higher parts of the bulb and pons, this 
tract is reinforced by fibres from the cells of 
the sen.sory nuclei of the cerebral nerves. The 
fillet becomes a longitudinal bundle, which 
passes upwards to the thalamus, which forms 
the next cell-station on the path of the sensory 
impulses to the cortex. 

Other points to be noticed in the section 
are the .substantia gelatinosa of Rolando {g.) 
(representing the tip of the posterior cornu 
of the cordji now separated from the surface 
by the descending root of the fifth nerve 
{d,V.)\ the lateral nucleus {n.l.) (remains of 
the anterior cornu of the cord) ; the lower part 
of the grey matter of the olivary body (o, o'), 
and most anteriorly the pyramid {py). 

Third section (fig. ‘i^S). At the middle 
of the olivary body, and through the lower 
part of the floor of the fourth ventricle. 
The central canal has now opened out into the 
fourth ventricle, the grey matter on its 


floor conbiins the nuclei of the twelfth and 


tenth nerves ; bundles of the fibres of these nerves course through the substance 
of the bulb, leaving it at the places indicated in the diagram. 

The nucleus gracilis and nucleus cuneatus are pushed into a more lateral position, 
and higher up are replaced by small masses of grey matter mingled with nerve- 
fibres {imcleus posterior)'., the restiform body {C.'i\.) now forms a well-marked 
prominence, and the olivary body is well seen with its dentate nucleus ; from the 
open mouth of this corrugated layer of grey matter a large number of fibres issues ; 
passing through the raphe, they course as internal arcuate fibres to the opposite 
restiform body, and thus to the cerebellum ; some pass to the restiform body of 
the same side ; the continuation of the direct cerebellar tract of the cord also passes 
into the restiform body. Its fibres terminate by arborisations round Purkinje’s 
cells in the vermis of the cerebellum. The continuation of the tract of Gowers l^s 
just dorsal to the olivary body. The funiculus solitaHus and nucleus ambiguus^axQ 
also seen in this section, and are respectively the sensory terminations of fibres of 
the seventh, ninth, and tenth nerves and the combined motor nucleus of the ninth 
and tenth. 
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Fourth section (fig. 229).'? Through the middle of the pons. Shows much 
the same kind of arrangement as in the upper part of the bulb. The general 
appearance of the section is, however, modified by a number of transversely 
coursing bundles of fibres, most of which are passing to the cerebellar hemispheres 
and form the middle cerebellar peduncles. Intermingled with these is a consider- 
able amount of grey matter {nuclms pojitis) . 

From the cells of the nucleus pontis, the fibres of the middle peduncle take 
origin, and many fibres and collaterals of the pyramidal tract arborise round 
them. The continuation of the pyramids ( py) is embedded between these trans- 
verse bundles. The pyramidal fibres which terminate in the pons are situated 
postero-laterally, and are spoken o^ as cortico-pontinp, in contradistinction to 



Fio. 227.— Transverse section of tlio mo<iiil!a oblongata in the region of tlio docus.sation of the fillet. 
a.m.f., Anterior median fissure; f.a., superlicial arcuate fibres; py.^ pyrann'il ; w.a.r., nuclei of 
arcuate fibres ; /.a', deep arcuate fibres becoming superficial; o, o', lower end of olivary nucleus ; 
n.l., nucleus lateralis; f.r., forrnatio reticuiari.s ; arcuate fibres proceeding from tlie furmatio 
reticularis; (j, substantia gelatinosa of llolando; d.K, descending root of fifth nerve; f.c., 
funiculus cuneatus ; n.c., nucleus cuneatus; n.c.', external cuneate nucleus; n.ff., nucleus 
gracilis ; funiculus gracil^ p.m.f., posterior median lissiire; c.c., central canal surrounded 
by grey matter, in wliicli nucleus of the eleventli and n.XH., nucleus of the twelftli 

nerve ; s.d., decussation of lillet. (Modified from Schwalbe.) 

those of the pyramidal tract proper {corticospinal) which pass down through the 
pons to the cord. 

The pyramidal bundles are separated from the reticular formation by deeper 
transverse fibres, which constitute what is known as the trapezium (t). These 
fibres belong to a different system, and form part of the central auditory path ; 
some of them connect the auditory nuclei of the two sides together. The larger 
olivary nucleus is no longer seen, but one or two small collections of grey matter 
(o.s.) represent it and constitute the superior olivary nucleus. These as well as a 
collection of nerve-cells in the trapezium {nucleus of the trapezium) are connected 
with fibres of the trapezium, while some of their axons pass into the adjacent 
lateral part of the fillet. 

The nucleus of Deiters (n. VIII., fig^. 229) begins to appear in the upper part 
of the bulb, and extends into the pons ; it lies near the floor of the ventricle , a 
little mesial tp the re^tiform body. The nerve-fibres connected with its cells pass 
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towards the middle line, and enter the posterior longitudinal bundle, which is more 
clearly seen in the next two sections (fig. 230), This bundle of fibres connects 
Deiter.s’ nucleus, the nucleus of the third and sixth nerves, and the anterior horn 
cells of the spinal cord. The fibres which pass into it from Deiters’ nucleus 
bifurcate, one branch passing upwards to arborise round the cells mainly of the 
oculo-motor nucleus or the opposite side ; the other extends downwards through 
the bulb into the cord, where it is found as the ve&tibulo-spinal tract in the 
antero-lateral descending tract of each side. The fibres end in synapses round 
the anterior horn cells. 

The nerves which are connected with the grey matter of this region of the pons 



Section of the medulla oblongata at about the middle of the olivary body, /.ho , Anterior 
median fissure; n or., nucleus arcuatus ; p, pyramid; XIl , bundle of hypoglossal neive emerging 
from the surface; at b, it is seen coursing between the pyramid ami the olnary nucleus, a ; f a e , 
external arcuate fibres; n.L, nucleus lateralis; a , arcuate fibres passing towards restiform body, 
partly through the substantia gelatmosa, g , partly superficial to the descending root of the fifth 
nerve, d V ; A'., bundle of vagus root emerging; f r , fonnatio reticularis ; C.r , corpus restiforrno, 
beginning to be formed, chlefiy by arcuate fibres, superficial and deep ; n.c , nucleus cuueatus ", n g , 
nucleus gracilis; t, attachment of the ligula [tmnia ventncull quarti]; fs , funiculus solitarms ; 
n.V., n.A', two paits of the \agU3 nucleus; nXlL, hypoglossal nucleus; nt., nucleus of the 
funiculus teres ; n am , nucleus anibiguus; r., raphe; A , continuation of the anterior column of 
cord ; o', o", accessory olivary nucleus ; p o 1., pedunculus oliva*. (Moditied from fSchwalbe ) 

connection with the fifth nerve are higher up, where the floor of the ventricle is 
again narrowing. At last, in the region of the mid-brain, we once more get a 
canal (Sylvian aqueduct) which corresponds to the central canal of the spinal 
cord. 

Fifth and Sixth sections. Through the mid-brain. 'These are drawn on 
a smaller scale than the others we have been examining ; they represent the actual 
size of the sections obtained from the human subject. 

Near the middle is the Sylvian aqueduct, with its lining of ciliated epithelium. 
In the grey matter which surrounds it are large nerve-cells from which the fourth 
nerve, and higher up the third nerve, originate ; the fibres of the third nerve are 
seen issuing from these in fig. 2.f0, B., III. The reticular formation of the pons 
is continued up into the mid-brain, and is called the tegmentum. It is composed 
of both longitudinal and transverse bundles of fibres intermingled wit^^ grey 
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matter. Its transverse fibres include those of the superior peduncles of the 
cerebellum which decussate in tlie middle line (fig. 230y A, S.C.P.). 

Another important longitudinal bundle in the tegmentum is the fillet. This 



we have seen, is the longitudinal continuation of the internal arcuate fibres, which, 
starting from the cells of the posterior column nuclei of the opposite side, form 
the second relay on the sensory path ; to these fibres others are added which 



througli the middleof thesupenorcoipoia qua^lngemiiia, C Q. Cr., crusta ; S N , substantia iiigra 
— sliown only on one side ; T, tegmoiitmn ; S, Sylvian aqueiluct, with its surrouinling grey matter ; 
L G , lateral groove ", p I , posterior longitudinal bundle d I'., mesence])halic root of the liftli nerve ; 
S C.P , superior cerebellar peduncle, F, hllet; III., third nerve. The dotted circle m B leiue-seiits 
the situation of the tegmental or red nucleus. In B the three divisions of the crusta are indicated 
on one side. Tlie pyr.imidal tihres (Py) are in the iiiidille, and the fronto-cerelxdlar (F C ) and 
teinpuro-occipito cerebellar (T O C ) at the side.s. (After Schafer ) 

originate from other masses of grey matter in bulb and pons. In the mid-brain the 
fillet divides into three bundles, termed the lateral^ the upper, and the mesial fillet. 

(1) The lateral fillet is chiefly formed by fibres derived from the accessory 
acoustic, the superior olivary, and trapezoid nuclei of the opposite side. Some 
of its fibres terminate by synapses round a new collection of cells (the lateral 
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filUt nucleus), the axons of which pass inwards towards the raphe. The rest of its 
fibres can be traced to the grey matter of the inferior corpora quadrigemina. 

(2) 'I'he upper fillet consists of fibres which go to the superior corpora quadri- 
gemina and partly to the tegmental region of the raid-brain and optic thalamus, 

(3) The mesial fillet goes on through the tegmentum of the pedunculus cerebri, 
and its fibres terminate round the cells of the thalamus, and the subthalamic 
region. From here fresh axons forming a new relay continue the afferent impulses 
to the cortex of the cerebrum. 

The mesial fillet is the important link in this region between the sensory spinal 
nerves and the part of the brain which is the seat of those processes call 
sensations. But most of the fibres which continue the sensory path of the cerebral 
nerves form another less well-defined tract {the central tract of the sensory cerebral 
nerves) which lies dorsal to the fillet, but terminates like it in the subthalamic 
region and thalamus, whence a new relay carries on the impulses to the cortex. 



The cells of the grey matter of the corpora quadrigemina differ greatly in form 
and size ; the destination of their axons is not precisely known, but some pass 
ventralwards, cross at the raphe, and constitute the fountain decussation of 
Meynert ; after decussation they form the main mass of the ventral longitudinal 
bundle ; this gives off collaterals to the nuclei of the three nerves that supply the 
eye muscles, and then runs ventro-laterally to the posterior longitudinal bundle, 
with which its fibres ultimately mix in the antero-lateral descending tract of the 
spinal cord. 

Seventh section. Through the crus. It is made up of crusta (which 
contains the motor fibres), tegmentum (which contains the sensory fibres, especially 
the bundle called the mesial fillet), and t^^substantia nigra, the grey matter 
which separates them. 
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STRUCTURE OF THE CEREBELLUM 

The cerebellum is composed of an elongated central portion or lobe, 
called the vermis, which connects two hemispheres. 

The cerebellum is composed of white and grey matter, the latter, 
like that of the cerebrum, being external, and like it, infolded, so 
that a larger area may be contained in a limited space. The tree-like 



P’lG. 232 —Cerebellum in section and fourth ventricle, with the neighbouring parts. 1, Median groove 
of fourth ventricle, ending below lu the calamus scrij^toiius, with the longitudinal eminences formed 
by the /ascic-wZi teretes [eminenlia Twediuies], one on each side; 2, the same groove, at the place 
where the white streaks of the auditory nerve emerge from it to cross the floor of the ventricle; 
8, inferior peduncle of the cerebellum, lormed by the rostiform body ; 4, funiculus gracilis ; above 
this IS the calamus scnptonus; 5, superior peduncle of cerobolluni ; 6, 6, fillet to the side of the 
crura cerebri ; 7, 7, lateral groovo.s of the pedunciili cerebri ; 8, corpora quadrigemlna. (From 
Sappey, after Uir-schfeld and Leveille ) 


arrangement of the white matter on section has given rise to the 
name arhor vitce. Besides the grey substance on the surface, there 
are, in the centre of the white substance of each hemisphere, small 
ma^es of grey matter, the largest of which, called the corjjus dentatum 
(fig.^'233, cd), resembles very closely the corpus dentatum of the 
olivary body in appearance;/ Other important nuclei are the nuclei 
globosus and embolipour, which are more centrally placed and 
which are connected with the rubro-spinal tract. 

64S 
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In a section through the cerebellar cortex the following layers can be seen. 
Underneath the pia mater is the external layer of grey matter; it is formed 
chiefly of fine nerve-fibres with small nerve-cells scattered through it. Into its 
outer part, processes of pia mater pass vertically ; these convey blood-vessels. 


Fig. 233 - Outline sketcli of a section of the cerebellum, showing the corpus dentatum. The section 
has been earned through tlie left l.ateral part of the pons, so as to divide the superior peduncle and 
l)as8 nearly through the middle of the loft cerebellar hemisphere The olivary body has also been 
divided longitudinally so as to expose in section its corpus dentatum. cr, redunculus cerebri; /, 
lillet; q, corpora fiuadngomina , sp, superior peduncle of the cerebellum divided; mp, middle 
peduncle or lateral part of the pons Varolii, with hbres passing from it into the white stem ; av, 
continuation of the white stem radiating towards the arbor vitir of the folia ; cd, corpus dentatum ; 
0 , olivary body with its corpus dentatum ; p, pyramid (Allen Thomson ) |. 

There are also here numerous long tapering neuroglia-cclls. The internal or 
granular layer of grey matter is made up of a large number of small nerve-cells 
mixed with a few larger ones, and some neuroglia-cells. Between the two layers 






o 

Fio. 234 —Section of cerebellar cortex, stained by Golgi’s method; I taken across the lamina; II. m 
the direction of the lamina; a, outer or molecular layer; b, inner or granular layer; c, white 
matter, a, Coll of Furkinje; b, small cells of inner layer; c, dendrons of these cells; d, axis- 
cylmder process of one of these cells becoming longitudinal in the outer layer ; e, bifurcation of one 
of these ; g, a similar cell lying m the white matter. (Ramon y Cajal ) 

is an incomplete stratum of large flask-shaped cells, called the cells of Purkinje. 
Each of these gives off from its base a process which becomes the axon of one of 
the medullated fibres of the white matter; the neck of the flask passing in the 
opposite direction breaks up into dendrites which pass into the external layer of 
grey matter^and which spread' out in planes transverse to the direction of the 
lamellae of the organ (fig. 2^4). 
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Each cell of Purkinje is further invested by arborisations of two sets of nerve- 
fibres. One of these (originating from the fibres of the white matter which are not 
continuous as axis cylinders from the cells of Purkinje) forms a basket-work round 
the dendrons ; the other (originating as axis-cylinder processes from the nerve-cells 
of the external layer) forms a felt- work of fibrils round the body of the cell. 

The cells of the internal layer of grey matter are small ; their dendrites inter- 
mingle with those of neighbouring cells; their axons penetrate into the external 
layer, but their final destination is uncertain. Ramifying among these cells are 
fibres characterised by possessing bunches of short branches at intervals (moss- 
fibres of Cajal). 

The peduncles of the cerebellum are three in niunber — superior, 
middle, and inferior f they serve to connect tlie cerebellum with 
other parts of the nervous system (see fig. 235). 

The inferior jpeduncle (i.P.), or restiform body, is composed of 
ascending fibres which ])ass into it — (1) from the cerebellar tracts 
of the same side, and (2) from the olivary nucleus of the opposite 
side; (3) ’from the nucleus gracilis and nucleus cuneatus'^f both 
sides (external and posterior arcuate fibres) (4) from the vestibular 
nerve, or from the nuclei in which it terminates in the pons. 

Tlie middle 'peduncle (m.p.) is formed of fibres which originate 
from the cells of the nucleus pontis : they pass from one side of the 
pons to the opposite cerebellar hemisphere. 

The superior peduncle (s.P.) consists of (1) the axons of the 
cells of the nucleus dentatus and (2) fibres of the indirect spino- 
cerebellar tract. The axons arising from the nucleus dentatus 
decussate in the mid-brain with those of the opposite side, give off 
descending branches which terminate in the nucleus of Deiters, and 
furnish collaterals to the red nucleus and third nerve nucleus ; they 
are then continued upwards to the optic thalamus. From the red 
nucleus the rubro-spinal tract arises, decussates with its fellow in 
the mid-brain, and descends to the spinal cord. From the optic 
thalamus a relay of fibres passes to the cerebral cortex. .. 

Thus it will be seen that each half of the cerebellum receives 
impulses from the joints and muscles, mainly from the same side, 
via the spino-cerebellar tracts ; from the labyrinth by means of the 
vestibular nerve of the same side ; and from the cerebral cortex of 
the opposite side through the fronto-pontine tract and the nucleus 
pontis. Since the axons of the Purkinje cells of the cerebellar cortex 
end in the nucleus dentatus, the axons of which form a large part 
of the superior peduncle, one hemisphere of the cerebellum furnishes 
elYerent impulses to the opposite cerebral hemisphere via the optic 
thalamus and to the same side of the spinal cord through the 
rubro-spinal tract; the impulses to the spinal cord must therefore 
cross the middle line twice. The cerebellum, through its superior 
peduncle also gives impulses to the third nerve nucleus ; the important 
part played by the cerebellum in the co-ordination of eye-movements 
is thus readily understood. 
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Fia 235 — Tlie main ronnectiuns of the CPTobellum. The connections between the cortex and nuclei 
of the cerebellum have been omitted. (Nicol). 
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STRUCTURE OF THE CEREBRUM 

The cerebnmi consists of two halves, called eerehral liemis'plure?^, 
separated by a deep longitudinal fissure and conneeted by a large 



Fig. 236.— Dissection of brain, from above, exposing the lateral, fourth, and fifth [cavum septi 
peliucidi] ventricles witli the surrounding parts, i-— «, anterior part, or genu of corpus callosum; 
b, caudate nucleus; h', the caudate nucleus of left side, dissected .so a.s to expo.so its grey sub- 
stance; e, points by a line to the stria termlnalis; d, thalamus; e, columns of fornix divided; 
below they are seen descending iu front of the third ventricle, and between them is seen part of 
the anterior commissure; in front of tlie letter e is seen tiie slit-like fifth ventricle, between the 
two laminiB of the septum pellucidum ; /, inassa intermedia; g i-s placed in the posterior part 
of the third ventricle ; immediately behind the latter are the posterior commissure (just visible) 
and the pineal gland, the two crura of wliicli extend forwanls along the inner and upper margins 
of the optic thalami ; and t, the corpora quadrigemiua ; fc, superior crus of cerebellum ; close to 
k is the velum medullare anterius, which has been divided so as to expose the fourth ventricle ■ { 
hippocampus and corpus llmbriatum, or tauiia hippocampi; vi, calcar avis; n, eminentia coila- 
teralis ; o, fourth ventricle; p, posterior surfcico of medulla oblongata; r, section of cerebellum; 
s, upper part of left hemisphere of cerebellum exposed by the removal of part of the posterior 
cerebral lobe. (Hirschfeld and Leveille.) 

band of transverse commissural fibres known as the corpus callosum. 
The interior of each hemisphere contains a cavity of complicated 
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shape, called the lateral ventride ; the lateral ventricles open into the 
third ventricle (lig. 236). 

Each hemisphere is covered with grey matter, which passes down 
into tlie fissures. This surface grey matter is called the cerebral 
cortex. It varies in amount directly with the amount of convolution 
of the surface. Under it white matter is situated; and at the 
base there are masses of grey matter. These masses consist of the 
thalamus and the hasal gangliay of which the most important are 
the lentiform or lenticular nucleus and the caudate nucleus, wliich 
together form the corpus striatum. 



Kio 287 -Vertical section through the cerebrum and basal ganglia to show the relations of tlie latter. 
CO, Cerebral convolutions; c.c., corpus callosum; v.l., lateral ventricle; /, fornix; third 

ventricle; n c , caudate nucleus ; tk, thalamus; n.l., lentiform nucleus; c.^., internal c.apsule; cl., 
claustrum ; c e., external capsule ; m, corpus mainmillare ; ( o , optic tract ; s t t., stria terminalis ; 
n a., nucleus amygdala* ; cm, massa intermedia; co i., Island of lleil [Insula]. (Schwalbe.) 


The relationship of these parts is best seen in a vertical section ; 
such as is represented in figure 237. 

On the floor of the lateral ventricle is seen the thalamus (tk.), 
and the tail end of the nucleus caudatus (n.c.); the section being 
taken somewhat posteriorly. The nucleus lentiformis is marked nl . ; 
and the band of white fibres passing up between it and the thalamus 
is called the internal capsule (c.i.) ; the narrow piece of white matter 
between the claustrum and the lentiform nucleus is called the external 
capsule (c.e.). 

For the student of medicine the internal capsule is one of the 
most important parts of the brain. ^ ' 

The importance of the internal capsule is rendered evident when 
one considers the blood supply of these parts ; at the anterior and 
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posterior perforated spiots, numerous small blood-vessels enter for the 
supply of the basal ganglia ; ' these are liable to become diseased, 
and if they rupture, apoplexy or stroke, with paralysis if not death, 
is the result. This is dealt with further in relation to our study of 
voluntary movement. 

Fig. 238 represents a liorizontal view through the hemisphere. 
The internal capsule {c) at the point makes a bend called tlie genu 



Kio. 238.— Diagram to show the connection of tlie frontal and occipital lobes with the cerebellum, etc. 
The dotted lines passing in the cmsta (t.oc.), outside the motor fibres, indicate the connection 
between the temporo-occipital lobe and the cerebellum, f.o.. The fronto-cerebellar fibres, which 
pass anteriorly to the motor tract in the cmsta ; i.f. , fibres from the caudate nucleus to the pons, 
kr., frontal lobe; Oc., occipital lobe; a. k., ascending frontal ; a i*., ascending parietal convolutions; 
I’CK., precentral fissure in front of the ascending frontal convolution ; fr, fissure of llolando ; iff., 
intraparietal fissure. A section of the podunculus is lettered on the left side, s.n., Substantia 
nigra ; fy., pyramidal motor fibres, which on the right are shown as continuous lines converging to 
pass through the posterior limb of i.c., internal capsule (the knee or elbow of which is shown 
thus *) downwards through the pons to cross at the medulla in the pyramidal decussation. Ipt, 
Crossed pyramidal tract ; apt, direct pyramidal tract. (Gowers.) 


or knee, behind which the motor-fibres and, more posteriorly still, 
the sensory-fibres pass. Some of the connections between cerebrum 
and cerebellum are also indicated. 


The Convolutions of the Cerebrum. 

The surface of the brain is marked by a great number of depres- 
sions which are called fissures or sulci, and it is this folding of the 
surface that enables a very large amount of the precious material 
called the grey matter of the cortex to be packed within the narrow 
compass of the cranium. In the lowest vertebrates the surface of 
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the brain is smooth, hut goint^ higher in the animal scale the fissures 
make their appearance, reaching their gi-eatest degree of complexity 
in the higher apes and in man. 



A. Orobral ln-nnspliere of adult Macacipm monkey. 
13 Cerebral bemispben' of (diibl sliortly befoie birtli 


'I'he two brains an' very much alike, but tlm growth forwards of tlie frontal lobes o\cn at this early 
stage of development of the liiunan brain is quite well siieii. S, llssuro of Sylvius ; R, lissure of 
Uolainlo 

Tn an early embryonic stage of the human fmtus the brain is also 
smooth, Imt as development iirogresses the sulci a])})ear, until the 
climax IS reached in the brain of tlie adult. 



Kio 240 —Brain of the orang, >; natural size, showing tie arrangement of the convolutions. Sy, fissure 
of Sylvius; li, lissure of Rolando; Kl', external paneto-occipital fissure; Olf, olfactory lobe; 
fVi, cerebellum; I'l', pons; MO, medulla oblongata. As contrasted with the human brain, the 
frontal lobe is short and small, the lissure of Sylvius is obluiue, the temporo-spbenoidal lobe 
prominent, and the external parieto-occipital lissure very well marked. Note also the bend or 
genu in the Rolandic fissure ; this is found in all anthropoid apes. 

The above figure (fig. 239), comparing the brain of one of the 
lower monkeys witli that of the child shortly before birth, shows the 
close family likeness in the two cases. 
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Fig. 240 gives a representation of the brain of one of the liigher 
monkeys, the orang-outang, where there is an intermediate condition 
of complexity by which we are led to the human brain. 

N. The sulci, which make their appearance first, both in the animal 
scale and in the development of the human fmtus, are the same. 
They remain in the adult as the deepest and best-marked sulci ; they 
are called the primary fissures or sulci, and they divide the brain into 
lobes; the remaining sulci, called the secondary fissures or sulci, 
further subdivide each lobe into convolutions or gyri. 

’ On- the outer surface of the liuman hemisphere the primary 
fissures are — 


1. 'Fhe fissure of Sylvius ; this divides into two rami, the posterior 
pf which is the larger, and runs backwanls and upwards ; the anterior 



-Right cerebral hemisphere, outer surface 






ramus passes forwards and usually divides into two limbs which 
enclose between them the pars triangularis of the inferior /frontal 
gyrus. 

2. The fissure of Rolando (the central fissure) runs from about 
the middle of the top of the hemisphere (fig. 241), downwards and 
forwards. 

3. The external parieto-occipital fissure (par. oc. f.) is parallel to the 
fissure of Kolando, but more posterior and much shorter ; in monkeys 
it is longer (see fig. 240), as it is not interrupted by annectent gyri. 

These three fissures divide the brain into five lobes : — 


1. The frontal lobe ; in front of the fissure of Eolando. 

2. The parietal lobe; between the fissure of Eolando and the 
lateral part of the parieto-occipital fissure. 

3. The occipital lobe ; behind the parieto-occipital fissure. 

4. The temporo-sphenoidal lobe ; below the fissure of Sylvius. 

5. The island of Reil or insula. 
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111 additidii to tlioRo iliero is tlie hip^^ocampal or limbic lobe on 
the in nor aspect. 

It will be noticed that the names of the lobes correspond to those 
of the bijiies of the cranial vault which cover tliem. 

Each lobe is divided into convolutions by secondary fissures which 
are principally of anatomical interest. 


The White Matter of the Cerebrum. 


The white matter of the cerebrum, like white matter elsewhere, is 
made up of medullated nerve-fibres. According to the direction of 



Fia 242. -Lateral view of a human hemisphere, showing tlie main hundles of association fibres (Starr) 
A, A, between ai\|acei!t convolutions; B, between frontal and occipital areas; 0, between frontal 
and temporal areas (cingulum); 1), between frontal and temporal areas (fasciculus iincinatus); K 
between occipital and temporal areas (fasciculus longitiidinalis inferior); C N., caudate nucleus ; 
O.T , thalamus 


the fibres, tliey may bo divided into three principal groups (see figs. 
242 and 243) 

1. Association fibres. — These pass from convolution to convolution. 

2. Commissural fiibres. — These pass by the commissures of the 
brain, of which the most important is the corpus callosum, so as to 
link the convolutions of one hemisphere with the corresponding 
convolutions in the opposite hemis])here, where they terminate in 
arborisations (synapses) round the colls of the grey cortex. 

3. Projection fibres. — These are the fibres which run more or 
less vertically and link the cerebrum to the lower portions of the 
central nervous system. They may be divided into the efferent and 
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afferent systems which are composed of fibres which convey impulses 
from and to the cortex respectively. These can best be studied from 
figs. 242 and 243. 


Histological Structure of the Cerebral Cortex. 

The cortex may bo divided into six primary layers (fig. 244). 
These are based on the staining of cells : — 

1. The outer fibre layer . — This is composed of fibres derived 



Fig. 248 —Diagram of the projection fibres within the brain (Starr). A, tract from the frontal gyrl to 
the pons nuclei and so to the cerebellum; B, motor pyramidal tract; C, .seinsory tract for touch ; 
D, visual tract or visual radiation; E, auditory tract or auditory radiation; F, G, il, superior, 
middle, and inferior cerebellar peduncles ; J, fibres between the auditory nucleus and the inferior 
corpus quadngeminum ; K, motor decussation in the bulb ; P, V, fourth ventricle. The numerals 
refer to the cerebral nerves. The sensory radiations are seen to be massed towards tiie occipital 
end of the hemisphere. 


from the dendrons of the cells of the next layer and many are 
afferent fibres from the white matter. The few nerve-cells inter- 
mingled with these are fusiform and branched, and have several 
processes which lie horizontally beneath the surface. Neuroglia cells 
are also present. 

2. External granular layer . — This consists of large numbers of 
small cells of a variety of shapes closely packed. 
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3. Fynimidal cell layer . — This consists of medium-sized pyramidal 
cells, the large cells being the deepest. Branched dendrons run to 
the surface and laterally. The lateral processes are also branched 
dendrons. The axon originates from the base. This layer of small 



Fio. 244.— Di/igriirn of tho laycrn of the human cerebral cortex after lirodmann and Vogt. On the 
left, I VI are tho cell-layers; on the right, 1 — 6, are tho fibre layers as they appear in specimon.s 
stained by means of the Woigert-Pal mothod. liayers 4 and (b) are respectividy tlie external and 
internal lines of llaillargor. (Economo.) 


pyramids increases in depth as we ascend the animal scale ; thus it 
is poorly developed in Insectivora, and shows an increasing degree 
of development in Eodentia, Ungulata and Carnivora. The maximum 
thickness is reached in man. Embryologically, this is the latest 
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layer to develop, reaching its zenith after birth. The cells of 
this layer are believed to be association units subserving the 
higher mental processes. It is greatly developed in the frontal 
and parietal regions where the highest associations are believed 
to occur. 

4. The internal granular or star-'pyramalal layer . — This is like 
the external granular layer but is richer in fibres. This layer is a 
distinguisliing mark of sensory areas, and is practically absent in 
the pre-Kolandic or motor convolutions. It is well marked in the 
calcarine cortex. 

5. The ganglionic or large 'pyramidal layer. — In certain regions 
of the cortex tliis contains the giant pyramids or Betz cells, which 
are characteristic of the motor areas. Beneath is a dense network 
of fibres. In the visual cortex there are a few giant stellate 
cells here. 

6. The inmoHt or fusiform layer. — Here arc many small scattered 
cells, many of a fusiform shape, with axons running vertically 
towards the surface. In the island of Iteil this layer is hyper- 
trophied, and is separated from the rest of the grey matter by 
a stratum of white fibres; it is known then as the claudrum. 
It is the first layer to appear and is almost fully developed at 
birth. 

If, instead of the cells, the fibres are stained, e.g. by Weigert’s 
method, certain lines appear as indicated in fig. 244. Sometimes 
as in the occipital cortex a white line may be seen with the naked 
eye (Gennari), like a white thread in the grey matter. 

Detailed examination shows that the line may be dixided 
into light and dark bands (Baillarger) which vary very iiiudi in 
different parts of the cortex, fn such sections groups of vertical 
fibres running out to the second layer are also seen. 

The functions of the cell layers. — It is important to note 
that the cells of the cortex are arranged in vortical chains and 
that each layer is attached to those without and within it. It 
seems most probable that eventually various 2 )atteriis of cell and 
fibre network will eventually be made out and related to tlie 
activity of each part. Also it has heen seen that certain layers 
are specially developed in certain regions. This and their order 
of development in certain animals and in mental defectisve has 
led to conclusions regarding the function of the layers. 

The inner layer may be regarded as the fundamental cell layer, the 
others being formed from it from within outwards, in both embryonic 
and historical development. Defect of develo])ment of the outer layers 
leads to various forms of amentia (inborn lack of mental develop- 
ment, or idiocy); in dementia (degenerative mental change coming 
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on later in life) there are retrograde changes in the upper layers of 
cells. The inner cell layer is probably concerned with the perform- 
ance of organic and instinctive activities, and there is but little 
difference seen here between man, monkey, and dog. The middle 
cell lamina may be considered to be concerned with the reception 
and transformation of afferent impulses. The outer cell lamina, on 
the other hand, is concerned with the intellectual or associational 
functions. 

In the hippocampal region the cortex is simpler in structure 
than elsewhere. Only the inner and internal granular layers are 
present. The pyramids are reduced to a single layer, but the 



Fla. 245. — Human cerebral; cortex, showing a Betz cell or giant pyramid ; Golgi’s method. 

High power, (Mott.) 

granular or sensory layer is well marked. The different types of 
cells occur in nests. This part of the cortex is concerned with the 
sense of smell, which is a primitive sense, and is therefore subserved 
by a type of cortex representing the archipallium or 

primitive brain. 

Embryology of the Cerebrum In relation to Function. 

Flechsig’s embryological method has given us valuable knowledge of the 
structure and functions of the human brain. The method depends on the fact that 
various tracts of fibres become myelinated, i.e.^ acquire their medullary sheath at 
successive periods of time in development. The myelin sheath appears three or four 
months after the axis cylinder is formed. The Weigert method of staining renders 
the detection of a medullary sheath an easy task. Flcchsig’s method is in short the 
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complement of the Wallerian method. In the former method the tracts are isolated 
by the differences in the origin of the myelin sheath ; in the latter method, the same 
object is obtained by observing the degeneration which is most noticeable in the 
same sheath. 

In the central nervous system, the afferent projection fibres are myelinated first ; 
the efferent projection fibres and the association fibres are myelinated later. Tims 
in the human foetus the peripheral nerves and nerve-roots become myelinated in the 
fifth month of intra-uterine life ; of the tracts in the cord, those of Burdach and Goll 
{exogenous fibres springing from the cells of the spinal ganglia) are the first to be 
myelinated; next come the tracts of Flechsig (dorsal cerebellar) and of Gowers 
(ventral cerebellar) : these are endogenous fibres springing from cells within the cord. 
All these tracts are afferent. The pyramidal tracts, the great efferent or motor 
channels, are not myelinated until after birth. The whole afferent tract is myelinated 
at birth ; these fibres are in utero exercised in conveying impressions to the 
afferent reception centres, the stimuli arising from contact of the fcetal integuments 
with the maternal tissues. There is also early myelination round the calcarine 



Fin. 246 —Diagram of vertical section of the brain of a child 6 months of age The greater part of the 
white matter now shows niyolination, thus indicating development of the association centres 
(After Flechsig ; Weigert method of staining.) 


fissure in the visual sphere, and in connection with the areas related to other special 
senses ; this is shown in fig. 246. 

Ambronn and Held confirmed Flechsig in finding that the afferent fibres are 
myelinated before the efferent, in the central nervous system, but in the 
nerve-roots this is reversed, the anterior root-fibres being myelinated before the 
posterior. 

Held also demonstrated the important influence of stimulus on myelination. 
His experiments were made on cats, dogs, and rabbits, which are born blind. If 
light is admitted to one eye by opening the lid, more obvious mvelination is subse- 
quently found in the corresponding optic nerve than in that or the opposite side. 
This is not due to the irritation caused by forcibly opening the lid, for if the lid is 
opened and the animal kept in the dark, no difference in the myelination of the two 
optic nerves is observable. Flechsig also showed that a child born at eight months 
had more marked myelination of its optic nerves, a month later, than a child born 
in the usual way at the ninth month. 

The richness of the brain in myelinated fibres increases for many years after 
birth with the progress of intellectual development. Kaes states this continues 
up to forty years of age, and that in old age the number diminishes. Myelin 
appears to be necessary for the functional activity of nerve tracts, and its 
development progresses pari passu with development of function; the reverse 
change (atrophy and degeneration) correspondingly accompanies marked disturb- 
ances of function. 
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Flechslg’s Myelogenetlc Cortical 

In the cerebral ‘''® havrthc^'fZres three months 

rorJuar sequence; some has 

before birth* while in otliers complete n y ...(wii.ipited at the same time ; those of 

^hret of equaUy great importance 

primary importance hrst, ami so on. ?!* , ^ j„„„logieally into three groups, 
Surthirtyix in of .sensory 

primun/. r‘Lrk^^^aded in’%r247 and 248, The-se are aiso 

represf'ntution, are most darkly .sha e m y. 


,iayali.rlod; a.t«rn.e<liat.(lI-Sl).l«ss.krl r ^ ^ Q 



a 


^ era 



i- • The terminal areas (unshaded) are not 

connected with oidgoing after birth. 'Fhese and tlie majority of 

myelinated until at least ^ uroiection fibres even eight months after 

the intermediate areas ^ the association centres, and are rich in long 

birth. T''eS,“"‘P'’4“b '"irt Ufk ^ Brodman on a cytohistological basis has 



CH. XLVII.] 


NOTES 


661 



662 


NOTES 


[CH. XLVII. 



CHAPTEE XLVIII 


THE NUTRITION OF THE CENTRAL NERVOUS SYSTEM 

The local peculiarities of the circulation through the brain have 
already been described. Nowhere else in the body is the maintenance 
of an adequate blood-supply more important than in the central 
nervous system. Deprivation of the arterial blood-supply leads to 
irrecoverable death of the cortical nerve-cells in eight minutes; 
the cells of the spinal cord are somewhat more resistant (forty- five 
to sixty minutes) ; temporary interference with blood-supply to 
the cortex causes fainting, whilst ansemia of the bulb is soon 
fatal. The stage of depression or coma caused by anoxiemia 
(due to asphyxia or cerebral ana3mia) is frequently preceded by a 
stage of excitation evidenced by convulsions. If the circulation is 
restored in time recovery of function occurs in the following order : 
(1) respiratory reflexes; (2) spinal reflexes; (3) cerebral function. 
Eor normal nervous activity to be maintained the blood must also 
have the correct chemical composition ; for example, if the percentage 
of sugat falls below 0-04 per cent., coma ensues, preceded in animals 
by convulsions (see Hypoglycsemia, p. 612). A rise in intracranial 
pressure, by stimulating the vasomotor centre, evokes a marked 
rise of arterial blood-pressure. Since a raised intracranial pressure, 
due to a foreign body such as blood-clot, implies a corresponding 
diminution in the amount of blood in the cranial chamber, it is 
apparent that the rise in arterial pressure is in a sense protective, 
as it causes an increased blood-flow through the brain. The brain 
so adapts the circulation that it secures for itself the optimal blood- 
supply. In disease, however, the mechanism may no longer act 
beneficially ; thus in the case of cerebral ha3morrhago the rise in the 
blood-pressure tends to cause greater bleeding. 

The Cerebrospinal Fluid. 

Whilst the exact role which the cerebrospinal fluid plays in 
connection with the nutrition of the nerve-tissue is uncertain, it is 
conveniently discussed here. 

The cerebrospinal fluid is a watery fluid (specific gravity about 
1005) which is found in the ventricles of the brain and in the 
cerebrospinal subarachnoid spaces. The fluid is formed by the 
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choroid plexuses which project into the ventricles; it escapes into 
the subarachnoid space through the foramina in the roof of the 
fourth ventricle (foramen of Magendie and foramina of Luschka). 
A choroid plexus is a much-folded process of the pia mater, rich in 
blood-vessels; the ventricular aspect of the tufts is covered by 
ependyma modified to form a glandular epithelium, i.e., the cells are 
not ciliated, are cuboidal, and often contain vacuoles. The proof that 
the plexus forms the fluid is threefold : (1) there are histological 
changes (swelling of the cells, etc.) after excessive formation of 
cerebrospinal fluid; (2) when the exit from a ventricle, e.g. the 
foramen of Monro, is blocked, the ventricle distends ; if previously 
the choroid plexus of the ventricle is removed no distension occurs 
(Dandy and Blackfan); and (3) fluid has been seen exuding from the 
surface of an exposed plexus. 

The total quantity of the cerebrospinal fluid in man is perhaps 
about 160 c.c. Normally it is being slowly formed and absorbed. 
The chief absorption occurs after the fluid has left the ventricles, i.e. 
while it is in the subarachnoid space, and takes place mainly into 
the blood-stream. A smaller fraction is absorbed into the perineural 
lymphatics of the cranial and spinal nerves. The exact path of 
absorption into the blood-vessels is, according to Weed, through the 
arachnoidal villi which project as blind processes of the arachnoid 
into the sinuses of the dura mater, especially the superior longi- 
tudinal. In later life the arachnoidal villi hypertrophy to form the 
Pacchionian bodies. 

The cerebrospinal fluid exerts a certain pressure, about 120mm. 
of water, so that when a cannula is inserted into the cisterna magna 
through the occipito-atlantal ligament or into the lumbar sac the 
fluid escapes freely at first, afterwards more slowly, till finally the 
flow practically ceases. 

The fluid contains the crystalloid constituents of the blood- 
plasma ; the chlorides are normally about 074 per cent. Glucose 
(0 09 per cent.), urea and creatinine are present in small amounts, 
together with a trace of protein (0'02 per cent.). The gases resemble 
those of lymph, but the proportion of carbon dioxide which is “ fixed,” 
i.e., which cannot be removed by ebullition in vacuo without addition 
of acid, is greater than in lymph, which contains more protein. 

The fluid obtained by cistern, or lumbar, puncture is said to be 
slightly richer in protein than that which fills the ventricles; for 
this and other reasons it is generally believed that there is added to 
the subarachnoid fluid a certain amount of fluid coming from the 
tissue of the brain and spinal cord via the perivascular spaces. The 
latter are inward prolongations of the subarachnoid space along the 
vessels which enter the brain at right angles, and communicate with 
the perineuronal spaces around the nerve-cells. 
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In health the cerebrospinal fluid contains but few cells (lympho- 
cytes); the normal maximum rarely exceeds 5 per cubic millimetre. 
In meningitis the number of cells is enormously increased. The few 
cells normally present are supposed to be derived from the meningeal 
vessels. 

The functions of this remarkable fluid are not by any means 
settled. It obviously affords mechanical protection to the central 
nervous system, and apparently receives such waste products from 
the central nervous system as are not absorbed by the blood-stream. 
Moreover, the fluid can to a limited extent be displaced (i.e. absorbed) 
into the venous sinuses so as to accommodate an increased amount 
of blood in the cranial chamber. 

Weed and M‘Kibben showed that the intracranial pressure can 
bo profoundly influenced by alterations in the osmotic pressure of 
the blood ; the injection of hypotonic saline into a vein raises, while 
the administration of hypertonic saline lowers the pressure. The 
intravenous administration of hypertonic saline is frequently used 
therapeutically to lower excessive intracranial pressure. 

The fluid can be regarded as an ideal Einger-Locke solution in 
close relationship with the nerve-tissue. Dixon and Halliburton 
found that injection of extract of brain or choroid plexus into a 
vein, or inhalation of carbon dioxide, caused an increased flow of 
cerebrospinal fluid ; they suggested that the amount of fluid formed 
was perhaps controlled by the quantity of waste products produced 
by the brain. Pilocarpine is said to increase the formation of 
cerebrospinal fluid. 

Substances introduced into the fluid readily pass into the blood ; 
but the converse does not hold, for the choroid plexus permits the 
passage of certain substances only. It is noteworthy that alcohol 
readily enters the cerebrospinal fluid from the blood. 
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CHAPTEK XLIX 


THE REFLEX ACTIVITIES OF THE ANIMAL 

The function of a nervous system, however simple or however 
complicated, is to adjust the activities of the animal within itself 
and towards its envu'onmcnt. it is the function of the central 
nervous system to receive impulses by means of the afferent nerves, 
to correlate them, and to send out appropriate stimuli by the efferent 
nerves to the various parts 'of the body. 

A large amount of this adjustment takes place without conscious 
effort and is purely automatic or reflex. We may indeed look upon 
the reflex as being the physiological unit of the nervous system. 
A reflex may be defined as the response by an effector organ to a 
stimulus received by a receptor and transmitted by a conductor 
which is itself incapable of the end-effect. 

In considering the nervous system of an animal from this point 
of view, we are reminded of that of a simple segmented animal, such 
as a crustacean, where it is evident that, while each segment has a 
considerable degree of local control, by means of connecting fibres 
the various segments may act in unison for the benefit of the animal. 
A very similar, but more elaborate mechanism is seen in the higher 
animals, and it will be seen that each part of the nervous system 
exercises a certain degree of local control, yet is connected and acts 
when necessary with the higher parts of tlie system. 

Before studying reflex action in detail it is convenient to consider 
briefly the functions of the spinal cord and its roots. As would be 
expected from what has been said above, the spinal cord connects 
together different parts of the nervous system and at the same time 
is a centre for local control or reflex action. 


The Functions of Spinal Cord. 

These functions will be considered in more detail later and need 
only be summarised at this stage. 

As an organ of conduction the spinal cord carries impulses to 
and from the brain, some of which are related to conscious activity 
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and others to more automatic or reflex activities of the body, such as 
the maintenance of posture. The actual pathways concerned have 
already been described. 

In addition, the association tracts link together various levels 
of the cord and bring about co-ordination of activity between different 
levels of the body. 

Asa reflex centre the cord brings about a considerable correla- 
tion of the activities of the animal. For the most part these are 
concerned with the protection of the animal, with movements, such 
as walking, and with the control of the excretory mechanism of the 
bladder and rectum. The actual reflexes are dealt with in detail 
below. 

Functions of the Roots of the Spinal Nerves. 


Eacli spinal nerve we have seen originates from the spinal 
cord by two roots. The anterior or oentral root consists of nerve- 



fibres which originate from 
the large multipolar cells 
in that portion of the grey 
matter in the interior of 
the spinal cord which we 
call the anterior horn. These 
nerve-fibres are all medul- 
la ted ; the large ones join up 
with the posterior root to 
form the spinal nerve; the 
small nerve-fibres leave the 
root and pass to the sym- 
pathetic chain, which then 
distributes non-medullated 
fibres to the involuntary 
muscles of the blood-vessels 


Fkj. 219 — A, Bipolar cell from spinal ganglion of a 4 
weeks’ embryo ; n, nucleus ; the arrows indicate tlio 
direction in wliich the nerve processes grow, one to 
the spinal cord, the other to the periphery. B, a 
cell from the spinal ganglion of the adult ; the 
two processes have coalesced to form a 
junction. (Diagrammatic ) 


and viscera. 

The other root, the posterior 
or dorsal root, has upon it 
a collection of nerve - cells 
forming the spinal ganglion. 


Each nerve-cell is enclosed within a nucleated sheath of connective- 


tissue, and it is from these nerve-cells that the fibres of the posterior 
roots grow. In the embryo, each nerve-cell has two processes (fig. 
249, A), one of which grows to the spinal cord, where it terminates 
by branching round the multipolar cells of the grey matter; the 
other process grows outwards to the periphery. In the adult 
mammal (not in fishes) the two processes coalesce in the first part 
of their course, forming a X -shaped junction (fig. 249, B). 
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The discovery that the anterior roots are motor and the posterior 
sensory is usually attributed to Bell (1811); but an examination of 
his writings shows that the deductions ho drew were incorrect; 
it was Magendi (1822) who gave the first unassailable description. 
Similar observations in regard to the cerebral nerves were first 
made by Mayo.* Magendie found 
that on section of the anterior roots 
there was paralysis of the muscles 
supplied by the nerves ; on section of 
the posterior roots there was loss of 
sensation. These experiments clearly 
pointed to the conclusion that the 
anterior roots contain the efferent 
(motor) fibres ; and the posterior roots 
the afferent (sensory) fibres. Tliis con- 
clusion was confirmed by the experi- 
ment of stimulation. Stimulation of 
the peripheral end of the cut anterior 
root caused muscular movement; of 
the central end, no effect. Stimulation 
of the central end of the cut posterior root caused pain and reflex 
movements ; of the peripheral end, no effect on voluntary muscle. 

The latter causes vascular dilatation (see Autonomic Nervous System). 

Recurrent sensibility . — One of the statements just made requires a slight 
modification, namely, that excitation of the peripheral end of a divided anterior 
root will evoke pain and what are known as refiex movements, as well as direct 
movements ; that is to say, the anterior root, though composed mainly of motor 
fibres, contains a few sensory fibres coming from the membranes of the spinal 
cord, and then running into the posterior root with the rest of the sensory fibres. 
They often, however, run down the mixed nerve a considerable distance before 
returning to the posterior roots. 

The preceding diagram (fig. 250) illustrates the course of one of these recurrent 
fibres (r) ; the arrows represent the direction in which it conveys impulses. 



Fkj 2.50 —Diagram to illu.strato recurrent 
sensibility. See text. 


Keflexes. 

Beflexes may be classified according to the stimuli which produce 
thorn : — 

1. rropriocejjtim : from stimuli which arise in muscles or sense 

organs affected by the ])osition of the body ; 

2. interoceptive : from stimuli originating in the viscera; 

3. Exteroceptive : from stimuli arising in the external environment ; 

4. Nocioceptive : from harmful or painful stimuli ; 

but in a consideration of the nervous system as a whole, we may 
* Mayo was the first Professor of Physiology in King’s College, London. 
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conveniently deal with them as they involve increasing amounts of 
the nervous system. 

The simplest form of reflex activity known is the axon reflex, 
which is concerned with the protection of the skin. If an irritant, 
eg. a mustard blister or croton oil, is applied to the skin, a 
reddening due to dilatation of blood-vessels is produced. If the 
nerve- supply is cut, as is sometimes done by surgeons to relievo pain, 
e.g. in neuralgia of the 5th nerve, the reddening on application of the 
irritant can be obtained for a few days but is no longer possible 
after tlie peripheral fibres have degenerated. This demonstrates the 
dependence of the action on a local nervous mechanism, apparently 
in tlie peripheral part- of the axon : the axon appears to divide, 
giving a branch to the skin and another to the wall of a blood- 
vessel. It may be, however, that the sensory impulse somehow 
passes to vasodilator fibres which wo know are distributed from 
tlie sensory posterior nerve-roois. 

The Spinal Reflexes. 

The spinal reflex is the simplest form of reflex involving the 
central nervous system. It depends on the co-operation of a 
reciiptor organ, an afferent sensory nerve, a system of nerve-cells 
in the spinal cord, an efferent motor nerve, and an effector organ, 
the whole constituting the reflex arc (fig. 251). 

The reflex activities of the spinal cord may be studied in a 
spinal animal, i.e. an animal in which the brain has been destroyed 
or the spinal cord cut across in the cervical region. In the case of 
a mammal artificial rcsj)iration is necessary sinc.e the respiratory 
centre is cut off, unless the section is made below the origin of the 
phrenic nerves. 

The simplest way to produce a typical spinal animal is to clamp 
the vertebral and the carotid arteries and allow time for the 
amesthesia to pass off. 

A mammal so opijrated upon, after a longer period of shock has 
passed off, assumes a characteristic position of flexion ; it curls up. 
If a limb is pinched or pricked it is at once withdrawn (flexion 
withdrawal reflex). This is obviously a defence reflex to remove 
the limb from the injuring force or noxious stimulus. Sometimes the 
stimulus throws the whole animal into extreme flexion (mass reflex). 

Similar reflexes may be seen in man. The flexion withdrawal 
reflex is seen in ordinary sleep. It is also obtained in individuals 
suffering from paralysis due to injury to pyramidal tracts and who 
may be unabh5 to move the part voluntarily. 

After destruction of the brain of a frog the shock of the operation 
renders the animal for a variable time motionless and irresponsive 
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to stimuli, but later on it gradually assumes a position which differs 
but little from that of a conscious animal. If thrown into water 



it will swim ; if placed on a slanting board it will crawl up (Goltz) ; 
if stroked on the flanks it will croak (Goltz); if it is laid on its 

Y 
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back, and a small piece of blotting-paper moistened with acid is 
placed on the skin, it will generally succeed in kicking it off ; if a 
foot is pinched it will draw the foot away; if left perfectly quiet it 
remains motioidess. 

The Properties and Characteristics of Reflex Arcs. 

Keflex arcs have certain characteristics which may be seen in the 
study of the spinal reflex^ These are of importance, as there is 
reason to believe that similar cliaracteristics are exemplified in 
higher arcs also. Our knowle<lge of this subj(^ct we owe largely 
to the school of Sherrington at Oxford. 

Resistance. — If the time which a reflex ought to take be 
calculated from our knowledge of the rate of the nerve impulse 
as conducted by nerve-fibres, it is found that the actual time taken 
is appreciably longer. This extra time or reduced rejiex time has 
presumably been s})ent in traversing the eentral nervous system and 
especially in passing across the synapses or junctions between one 
neurone and another. It has been calculated that the time lost at 
a synapse is 0'002 sec. The evidence of the existence of these 
synapses, it must be understood, depends less on histological than on 
pliysiological evidence; from experiments we have very definite 
evidence that they impart to a reflex many of its chai’acteristic 
properties. 

Effect of Repetition of Stimulus. — Once a reflex has been 
produced it is found that it becomes, up to a point, increasingly easy 
to elicit the reflex, and the re<liiced reflex time becomes lessened. 
This is known as facilitation. This fact is of obvious importance 
in relation to increase of skill in various manual occupations. 
Keyond this point, however, fatigue may readily set in. This must 
occuronjiui-afleront side of the arc at the synapse, since nerve 
jjS''Tr?5lmtiguable in the ordinary sense; it is found that when fatigue 
is present and a reflex can no longer be elicited, the muscle concerned 
can still be made to contraet through its nerve or through another 
afferent nerve. Fatigue of a spinal reflex appears to be recovered 
from with remarkable speed, provided the blood circulation is 
good. 

Summation. — Although a stimulus may be insulliciently strong 
to elicit a response, the repetition of the stimulus may be effective. 
The fact suggests that there is an accumulation of excitatory states 
(see p. G9(S) centrally or peripherally at the point of stimulation. 
By some liminal stimuli thus it may be possible to bring about a 
response with two separate stimuli, each of which is insufficient ; or, 
if each is sufficient, the total effect will be greater than with each 
independently. 
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Summation of chemical stimuli is well illustrated by Turck’s 
method. If a number of beakers of water are prepared, acidulated 
with 1, 2, 4, etc., parts of sulphuric acid per 1000, and the tips 
of a frog’s toes are immersed in the weakest, the frog at first 
takes no notice, but in time the cumulation or summation of the 
sensory impulses causes the animal to withdraw its feet. If this is 
repeated with the stronger liquids in succession, the time that 
intervenes before the muscles respond becomes less and less. This 
method also serves to test rellex irritability when the frog is under 
the influence of various drugs. 

Dependence on Oxygen. — We have noted tliat fatigue may 
sot in if a stimulus is too often repeated. If, however, the 
oxygen supply is deficient, fatigue more readily sets in. 
Synapses are apparently particularly sensitive to the eflects of 
oxygen-want. A fall of blood - pressure markedly depresses the 
reflexes, which disappear in man when the mean arterial pressure 
drops below 60 mm. Ilg. It is possible that the height of the 
blood-pressure is of considerable importance in relation to nervous 
activity, but it is extremely difficult to obtain definite data on 
this point. 

Dependence on Carbon Dioxide. — Some reflex arcs, e.//. those 
concerned with posture, require carbon dioxide as is shown by the 
fact that if the carbon dioxide is washed out by over-ventilation 
the reflexes disappear. It is probable that in part at least this 
apparent dependence on carbon dioxide is really that this gas 
facilitates, as we have seen, the unloading of oxygon from the blood. 

Spread. — The effect of a given stimulus which is capable of 
evoking a reflex depends very largely on its strength. A relatively 
weak stimulus may cause a simple response confined to one limb, 
but a stronger stimulus may spread not only to the opposite side 
but also to the adjacent segments of the cord, bringing about a 
generalised movement. It appears likely that in tlie first instance 
the afferent impulses take the easiest path, whicii suggests that 
the resistance of the synajises in the various paths may vary 
appreciably. It is considered that such a grading of synapses 
may play an important part in the general activity of the nervous 
system. 

Local Sign. — If a portion of the body bo stimulated, e.g. the 
flank pinched, it is observed that the reflex is definitely purpose- 
ful and the movement is directed towards the removal of the 
stimulation. 

Irreversibility of Conduction. — We have noted that a nerve 
impulse may be carried in both directions along a nerve. In a reflex 
arc the impulse can go in one direction only. 

Inhibition. — One reflex can inhibit another, the reflex more 



676 


REFLEX ACTIVITIES OF THE ANIMAL 


[CH. XLIX. 


important for the welfare of the animal predominating. Thus if in 
the spinal dog, the scratch reflex (see p. 696) be initiated by gentle 
stimulation of the skin of the shoulder, and then a harmful stimulus 
be applied to the pad of the hind paw, the scratch reflex is 
immediately interrupted and the foot withdrawn by means of 
the flexor reflex. Another example of inhibition is seen in the 
reciprocal action of antagonistic muscles (see below). 

The Nature of the Reflex Response. — Tf a motor nerve is 
stimulated by a single shock the resulting response is a muscular 
twitch. If a tetanising current of short duration is applied to a 
motor nerve all the muscle-fibres supplied contract at once and the 
tension rises abruptly. If, however, the same stimulus is used to 
actuate it roflexly the rise of tension is gradual as more nerve and 
muscle units come into action. This is very characteristic of reflex 
action. It should perhaps be added that in order to demonstrate 
such rapid changes it is necessary to use a photographic recording 
system as the inertia of an ordinary lever system is too great. The 
movement or other activity produced reflexly does not cease directly 
the stimulus is removed, but continues for a time after cessation of 
stimulation. This phenomenon is called after-discharge, and is one 
of the most striking features of reflex action. 

If during tonic contraction an inhibitory afferent nerve is 
stimulated, the contraction at once becomes less, but the muscle 
again contracts the moment the inhibitory stimulus is removed, 
often to a larger extent than before. This is known as rehound, but 
is a very variable phenomenon. 

There is considerable overlapping in reflexes. Tor example, if the 
tension developed by a muscle in response to two afferent stimuli be 
ascertained it will be found that if both operate together the tension 
developed is less than the sum of each se])aratcly. This is known as 
occlusion. Nor can a musedebo caused reflexly to exert more than a 
fraction of the tension developed when its motor nerve is stimulated. 
This jdienomenon of fractionation re(!alls the fact that in voluntary 
contraction we cannot use a muscle to its maximum extent. 

Tendon Reflexes. 

Tendon reflexes may be elicited from a spinal animal but appear 
later than the flexion reflexes after the operation, d'hey are brought 
about by suddi'.n stretching of the muscle, conveniently by tapping 
the tendon, and in virtue of their nature are known as stretch or 
myotatic reflexes. As the latter term indicates, the reflexes are set 
up by im])ulses which arise in the muscles themselves. Such reflexes, 
as we shall see, are of great ini])ortance in the maintenance of posture 
and in walking. For example, the stretching of the quadriceps 
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extensor of the knee, whieh takes place as the foot is about to leave 
the ground in walking, causes it to contract. The thrust reflex, as it 
is called, is also an important propelling force in walking or hopping 
in the frog and is brought about by pressure on the sole of the 
foot and stretching of its muscles. It is best seen in an animal 
in which the cerebrum only has been removed (see Decerebrate 
Animal). The tendon reflexes which are generally examined are 
the patellar tendon reflex or knee-jerk, the tendo Achillis reflex or 
ankle-jerk, and the phenomenon known as ankle-clonus. 

The knee-jerk . — The (piadriceps muscle is slightly stretched by 
putting one knee over the other ; a slight blow on the ligamentum 



patellae causes a movement of the foot forwards, as indicated in the 
dotted line of fig. 1152. The reflex is present in health. 

The ankle-jerk is one of great importance, for in such diseases 
as locomotor ataxy, in which the tendon reflexes are lost, it 
usually disappears before the knee-jerk. It is best elicited if 
the patient kneels with one knee upon a cushioned chair, whilst 
standing on the other leg by the side of the chair. The calf muscles 
of the kneeling leg eare thus slightly stretched by the weight 
of the foot, and a sharp tap upon the tendo Achillis elicits the jerk. 

Ankle-clonus. — This is elicited as depicted in the next figure : the 
hand is pressed against the sole of the foot, the calf muscles are thus 
juit on the stretch and they contract, and if the pressure is kept up 
a quick succession or clonic series of contractions is obtained. This 
is not readily obtained in health. 
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The exact course of the reflex arc concerned in the knee-jerk has 
been worked out by Sherrington in the monkey. The nerve-fibres 
are mainly those whicli pass (1) to and from tlie crureus by the 
anterior femoral nerve, and (2) to and from the hamstrings by the 
sciatic nerve. The fibres which supply the crureus arise from the 
spinal nerve-roots which in man correspond to the 3rd and 4th 
lumbar; the liamstring supply is from the 5th lumbar and 1st and 
2nd sacral roots. 

Lombard’s experiments upon the knee-jerk indicate that it is 
sometimes more readily obtained even in the same person than at 
other times. It varies with changes in mental activity, and during 
sleep may be entirely absent. It is increased and diminished by 
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whatever increases or diminishes the relative state of irritability of 
the nervous system as a whole. 

Closely related to this is the phenomenon known as reinforcement 
of the knee-jerk, which was first described by Jendrassik in 1883, and 
has since been studied by numerous observers. The extent of the 
jerk may be increased if at the time the patellar tendon is struck, a 
strong voluntary contraction, such as clenching the fists or the jaw, 
is made by the individual. In many normal persons the knee-jerk 
is dilficult to elicit, but it must never be regarded as absent until 
reinforcement has been tried. After the reinforcing action has 
occurred it is followed by an interval in which the knee-jerk is 
lessened (inhibition or negative reinforcement). 

Absence of Reflexes. — The spinal reflexes must obviously dis- 
appear if any part of the arc on which they depend is destroyed. 
Disease or injury of the afferent nerve, efferent nerve, or spinal grey 
matter, abolishes them. Tlius they cannot bo obtained in locomotor 
ataxy (damage to the posterior nerve-roots), or in infantile paralysis 
also known as anterior poliomyelitis (damage to the anterior horns 
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of grey matter). This absence of the reflexes is therefore an 
important diagnostic sign of disease of the spinal cord or of the 
nerve - roots. Especially is this so if the tendon reflexes which 
are usually elicited are affected, but the superficial reflexes are more 
variable and may be unobtainable even in the absence of nervous 
disease. 

Alteration of the Character of the Reflex. — This is well 
seen in the case of the knee-jerk. In lesions of the pyramidal 
tracts as in the decerebrate animal the knee-jerk is too well 
sustaiiu^d, but on the other hand in cerebellar disease the leg falls 
quite limply. The normal is midway between the two. These 
fa(ds indicate that the knee-jerk is intimately related to higher 
mecdianisms. It is indeed a fractionated stretch reflex or part of 
the more coinplicated reflex by which we stand (see Mid-Brain 
Animal). 

The Influences of the Higher Centres on Lower Reflex 
Arcs. — If, in the frog experiments referred to on p. 672, the cerebrum 
only is destroyed and the optic lobes left intact, tlie reflex reactions 
are found to be appreciably slower, thus showing the inhibitory 
effect of the remaining parts of the brain. 

In man, this influence is of considerable clinical importance in 
the diagnosis of nervous disease, in whicli an exaggeration of the 
reflexes may, in certain circumstances, be considered to indicate 
that the higher centres have been cut off, qaj., by disease of the 
cerebral cortex, llesearch suggests that the exaggeration is essenti- 
ally the result of the cutting off of the impulses which pass down the 
rubrospinal tracts, but as these tracts lie in close association with 
the pyramidal tracts in the cord, conditions which affect one tract 
commonly affect the other. The reflex may be exaggerated in any 
condition which increases the irritability of the nervous system. 

The effect of reinforcement referred to above is a closely allied 
phenomenon, but a generally accepted explanation has not yet been 
found. On the other hand, we are familiar with the fact that 
reflexes may be largely inhibited by volition, qaj. sneezing. Cranmer 
when burnt at the stake, held his hand in the fire till it was 
consumed. 

The Plantar Reflex. — We have seen in the frog experiment 
described above that two reflexes may be produced by stimulation of 
the^oot. Two similar reflexes are seen in man: the withdrawal 
reflex, involving fanning of the toes and dorsiflexion of the great 
toe (extensor plantar response); and the thrust reflex, involving 
flexion of the toes (flexor plantar response). Normally they are 
elicited by two distinct varieties of stimulation, but, as a result of 
walking, the protective withdrawal reflex is in partial abeyance and 
a gentle scratch of the sole of the foot with the finger-nail causes 
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flexion of the toes. In disease of the pyramidal tracts, however, 
or in very deep sleep, when local protection is more essential, the 
withdrawal reflex is more prominent and such stimulation causes 
extension of the toes, especially the great toe. 1'his is an important 
diagnostic sign of interference with the pyramidal tract (Babinski’s 
sign). American workers have put forward evidence that the 
fanning component is the result of interference with the extra- 
pyramidal system from the red nucleus. 

The Relation of Reflexes to Muscle Tone. — Commonly, 
changes in the reflexes are associated with alterations in muscle 
tone wliicli we know to be a reflex phenomenon, but for convenience 
this is considered separately. 

Visceral Reflexes. — The spinal grey matb'r contains centres 
which regulate the operation of many involuntary muscles. Some 
of tljcse centres are: — 

The cAlio-sjnnal centre which controls the dilatation of the pupil; 
it is situated in the lower cervical region, reaching as far down as 
the origin of the first to the third thoracic nerve. 

Subsidiary vasimwtor centres. The principal vasomotor centre 
is situated in the bulb, and subsidiary centres are scattered through 
the spinal grey matter. 

Centres probably exist for all the muscular viscera, but particular 
study has been directed to those in the pelvis, and centres for 
micturition, deface ation, erection, and 'parturition are contained in the 
lumbo-sacral region of the cord. If the spinal cord is cut through 
above the situation of these centres, the result is, in general terms, 
that any influence of the higher (voluntary) centres over these 
actions is no longer possible. The actions in question are then 
simply reflex ones occurring after a period of sliock (see Micturition) 
unconsciously at certain intervals, and set in movement by the 
periplieral stimulus (fullness of bladder, of rectum, etc.). 

The phenomena of micturition and defeecation have, however, 
already been described at length. 

Muscle Tone and tlie Postural Reflexes. 

In our consideration of the temdon reflexes we saw that certain 
reflexes occur when tendons are stretched by ta2)ping or other- 
wise. These reflexes are, however, really part of a most elaborate 
mechanism by which the body maintains its posture and co-ordinates 
its muscular activities. The so-called “stretcli reflex” is therefore 
of fundamental importance in the maintenance of posture. 

It is found in animals and in man that certain of the muscles 
are not fully relaxed, but appear to be constantly maintained in a 
state of partial contraction. This state we know as tonus. 
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This may readily bo seen in a decerebrate frog, which, if held np 
by the head, is seen to maintain its legs in a slightly flexed position. 
If, however, the anterior or posterior Inmhar roots are cut, or the 
spinal cord in the lumbar region destroyed, the legs hang flaccid. 
It is evident from such experiments that the muscular tone which 
was present was dependent not only on impulses which pass out 
from the cord hut also on those which pass in by the posterior roots. 
Similarly, in man, if any condition is present which interferes with 
the spinal arc, either on the afferent or the efferent side, there is 
unusual llaccidity. On the other hand, if the pyramidal tracts 
are destroyed by disease there is found in association with the 
increased reflexes a marked rigidity of the lower limbs due to 
increased tone of the extensors. Generally we may say that loss 
of reflexes is associated with loss of tone and increase of reflexes 
with increase of tone. 

We may arrive at some, as yet incomplete, explanation of these 
facts if wo study tlie phenomenon of muscle tone in animals. 

The Spinal Animal has alia^idy been studied (p. 672), and it has 
been seen that it is possessed of flexor tone and flexion defence reflexes. 

The Mid -Brain Animal. — If, however, the section is made 
through the mid-brain, through or just below the red nucleus, 
cpiite the opposite state of aflairs is produced, namely, that first 
described by Sherrington as decerebrate rigidity.* In this con- 
dition the limbs are fully extended and are rigid as the result 
of increased tone in the muscles of the back and nock, in the 
quadriceps, the extensor of the knee, and in the gastrocnemius at 
the back of the leg. There is produced, in other words, a condition 
of reflex standing, since all the anti-gravity muscles are contracted 
and the preparation can therefore maintain its own weight if 
placed on its feet, but cannot right its position if pushed over. 
The reflex paths concerned in the phenomenon may be investigated 
by studying the condition of the tone present in the quadriceps 
extensor of the knee. It is found that the maintenance of the tone 
depends on both the anterior and posterior roots (lumbar 5 and 6 
in the case of the quadriceps in the cat), indicating that tonus 
is dependent on afferent impulses arising in the muscle itself. 
These impulses may be shown to depend on the slight stretch 
imposed on the muscle by its bony attachments from the tendency 
for the legs to bend, since, if the tendon is severed, the tonus and 
the impulses which are found by the electrical method to pass up 
its nerve at the rate of 15 per second at once disappear. The 
stretch reflex has been dealt with on p. 676. It is also known 
as the sliorteyiing reaction and depends on impulses passing up from 

* Section of the rubrospinal tract only without the pyramidal tracts does not 
cause rigidity, and stimulation of the latter tracts causes tne rigidity to disappear. 
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tlie tendon organs (Denny Brown). That the skin is not involved 
is seen by the fact that decerebrate rigidity is fully present in a 
skinned limb. Impulses from the la])yrinth are concerned in the 
neck and f(jrelimb rigidity. 

It is seen, however, that the central nervous system, as high as 
the pons, is concerned in the reaction, since destruction of Deiters’ 
nucleus or section of the antero-latoral tract removes the rigidity. 
Thus we may conclude that this condition of decerebrate rigidity 
depends on a reflex arc, of which the afferent side* is the afferent 
nerves from the muscles, the posterior roots, and the antero-lateral 
tract, while the efferent side is the vestibulo-spinal tract from Deiters’ 
nucleus (Bazett) in the upper medulla and lower pons, the anterior 
roots ami the motor nerves to the muscles, A similar condition 
of decerebrate rigidity is found occasionally in man, e.g. in tumours 
involving the mid-brain. (See fig. 251, p. 673.) 

Ill the cat it is easy to demonstrate the conversion of a decerebrate 
animal into a spinal animal by clamping the vertebral and carotid 
arteries. This procedure destroys Deiters’ nucleus wliich, however, 
recovers .again if the carotid is released. It is thus possible to 
Ilex and extend the logs by clamping and releasing the carotid 
artery. Experimentally, decerebrate rigidity is absent if carbon 
dioxide is washed out by over-ventilation. 

The contraction is a sustained contraction especially of tlie red 
fibres in muscle (p. 16). It must then be looked upon as a form of 
tetanus which results from slow periodic discharges of certain motor 
colls acting cyclically. It must be understood that the amount of 
muscular tension thus kept up is only a fraction of the maximum 
which can be produced by the same muscles, and the amount of 
oxygen required is only 25 per cent, above that required at rest. 
The liability to fatigue is, therefore, very little indeed; the rigidity 
can be kept up for many days. The reflexes are very resistant to 
inhibition and their rate of electrical discharge is very slow — 5 to 8 
per second. The posturing limb shows the phenomenon of ^plasticity 
which tends to keep the limb in whatever position it is placed. 

The degree of tone in posturing muscles is related to the body 
as a whole (see tonic reflexes below). 

llejiex walking may be seen if a roller platform is moved along the feet of a 
.suspended decerebrate animal ; if the movement is rapid the carcase gallops, if 
slow it walks. (Graham Brown.) 

An interesting phenomenon of posturing muscle is the lengthening 
reaction. If the muscle is severely stretched it is felt to give way 
owing to a sudden disappearance of the tone as a result of inhibitory 
impulses which pass up from the muscle spindles. This reaction is 
important in preventing the tearing of muscles. 

The Thalamic Animal. — If a section is made above the red 
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nucleus, the postural reactions and balance of the animal are 
complete.* For convenience the thalamus also is left intact in order 
that the animal shall be able to regulate its own body temperature. 
The animal possesses righting reflexes, that is, is capable of righting 
itself from any position in which it may be placed, although of 
course by the removal of the cerebrum it is deprived of all volition 
and is a mere automaton. It can also walk about. 

Experiments on the decerebrate and thalamic animal, which we 
owe largely to the schools of Magnus in Utrecht and of Sherrington 
in Oxford, show that certain parts of the body bear a definite relation 
to each other in the maintenance of posture, and that when one 
part of the body is moved, a reflex alteration in tone changes the 
position of other parts of the body. Thus, if the neck is flexed, the 
fore legs bend and the hind legs extend, while the opposite occurs if 
the head is extended {i.e. a tonic neck reflex occurs). Such movements, 
it is realised, take place together normally in the life of the animal 
when it is eating or looking up. Also if one leg is bent the other 
may extend as in walking. This is known as the crossed extension 
reflex. Similarly, if the head is turned to one side the limbs on 
that side show increased extensor tonus as if to support the weight 
of the body while the tonus of the opposite side decreases. 

Thus we see that the central nervous system, as high up as the 
thalamus, is possessed of a very large degree of reflex activity which 
automatically promotes the interests of the animal 

Cortical Flexion. — As an animal comes out of certain 
amesthetics, e.g. avertin and sometimes ether, it develops typical 
decerebrate rigidity. This, however, gives way to a flexor rigidity 
which is seen in the fore-limbs before the hind-limbs. It has been 
shown tliat this rigidity depends on the cerebral cortex, since it 
is absent if the cortex is removed (Blair and McDowall). The 
state is so like that present in a spinal animal that it may be 
suggested that it represents a grou}> of higher protective reflexes. 
The phenomenon is important as it is so similar to the state 
of flexed fore-limbs and extended hind-limbs seen in cerebral 
ha}morrhage in man. The so-called convulsions after ansesthesia 
may be also similarly produced. 


The Maintenance of Posture. 

The facts which have been given above show quite definitely 
that the maintenance of posture is purely a reflex phenomenon 
which does not involve the cerebrum or conscious effort. The 
experiments given above suggest that the muscular reflexes with 

* If the animal is suspended there is an extensor rigidity not depending on 
stretch reflexes (Bard and Uioch). 
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which the nervous system of the elementary spinal animal is 
concerned are those of protection of the animal. With the greater 
development of locomotion are developed the antigravity reflexes 
which are exhibited by the decerebrate animal. Such extensor 
reflexes have arcs through the medulla and pons. They do not, 
however, depend, as used to be thought, on the cerebellum. 
Normally, however, these extensors appear to be held in check by 
a still higher set of reflexes involving the mid-brain. In the 
higher mammals this part of the brain is quite small, but in lower 
animals, especially those who have to maintain posture in vertical 
as well as horizontal planes, e.ij. birds and fishes, the so-called optic 
lobes of the mid-brain are more conspicuous than any other part 
of the brain. These are represented in the mammal by the corpora 
qiiadrigomina, which are quite small. 

Muscular Co-ordination and the Maintenance of Equilihrium . — 
Although posture and equilibrium are closely allied phenomena 
they are not quite identical. Equilibrium includes the maintenance 
of posture, but involves also maintenance of steadiness during 
muscular movement, such as walking. In this, the maintenance of 
proper co-ordination of muscular activity is essential. The reflexes 
concerned are very similar to those of posture, but, apparently, 
normally they involve to a greater extent the cerebellum and the 
semicircular canals. 

Receptors and Reflexes concerned in Posture and 
Equilibrium. 

The afferent impulses originate from the following four sources : — 
skin ; joints and muscles ; retina3 ; labyrinths. 

In the accurate investigation of these reflexes decerebrate animals 
are used for the tonic postural reflexes, and thalamic animals (p. 682) 
for the righting reflexes. When one kind of recet)tor is being 
investigated it is necessary to exclude the others, e.g. by blindfolding, 
by removing the labyrinths, or by immobilising muscles. 

1. The Skin. — Sherrington has shown how comparatively 
unimportant is the loss of tactile sensibility from the feet. A cat, 
in which the feet have been completely desensitised by division of 
nerves, can stand and walk without obvious inconvenience. 

It has been shown, however, by Rademaker that certain body righting reflexes 
which tend to bring the body from the lateral to the normal position have their 
origin in the skin. 

2. The Muscles and Joints. — We have already seen that 
stretching or tapping of a muscle may originate nerve impulses. 
This occurs from the stretching or compression of the specialised 
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nerve - endings, the tendon organs, and muscle spindles. The 
shortening reaction appears to depend on the tendon organs (Denny 
Brown) which, however, are not confined to the tendons as originally 
thought, while the lengthening reaction depends on the spindles. 
The spindles give rise to impulses by which we become aware of 
the movement and position of our muscles, but in this connection we 
are concerned with those impulses which do not reach consciousness. 
The fibres which carry the latter are off-shoots of the sensory fibres 
and reach the mid-brain and cerebellum via Clarke’s column and the 
cerebellar and tecto-spinal tracts. 

The reflexes which are set up are known as tonic and righting reflexes, which 
may arise from the muscles of the body or the neck. Some cause the body to 
follow the head {neck rufhlimj rejlexeit\ others {tonic neck rejlexes) cause a change in 
tone in certain muscles (p. 683) in accordance with the requirements of tlie head. 

The difficulty exj^iorienced by quite normal persons in standing 
on one leg with the eyes shut, is due to a reduction of the number 
of these impulses, for the same subjects with the eyes shut can stand 
quite easily on both legs ; displacement of the centre of gravity, 
caused by standing on one leg, must however be taken into account. 
In many cases of tabes there is but little loss of tactile sensibility, 
and the condition of inco-ordination is chiefly due to the loss of 
impressions from muscles and joints. In these cases, however, the 
sense of equilibrium is not lost ; the man realises that he is unsteady. 

3. The Byes. — The eyes are important sensory receptors in 
relation to posture and equilibrium. 

They are the receptors of the optical rUjhting reflexes. It can be shown that if 
a labyrinthectomised monkey be blindfolded and suspended in any position it makes 
no attempt to right itself, but does so as soon as the bandage is removed. The 
centres for such reflexes are in the occipital cortex. 

The importance of the eyes is increased when the other receptors 
are interfered with. This is well illustrated by the case of the 
tabetic who has deficient joint and muscle sense due to disease of the 
posterior nerve-roots ; the visual postural reflexes have become 
educated to replace the diminished reflexes from the muscles, and 
directly the individual is deprived of them he becomes unsteady or 
even falls. This phenomenon is known as Bomberg’s sign. Since, 
however, the labyrinths are normal the subject is quite aware of his 
unsteadiness. 

As has been indicated above, the capability of an individual to 
stand on one leg depends, to a considerable extent, on impulses 
from the eyes. In some individuals the paralysis of accommodation 
by the instillation of atropine into the eyes causes interference with 
the maintenance of posture. This suggests that the actual focussing 
of objects is of special importance. 

Destruction of the eyes in animals often causes them to spin 
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roimd and lose their balance. The giddiness experienced by many 
people on looking from a height or at moving water, or after 
the onset of a scpiint, or when objects are viewed under unusual 
circumstances, as in the ascent of a mountain railway, is due to 
the same tiling. It should be understood that visual impressions 
in themselves are not wliolly the guide. It is the projection of what 
is seen in relation to the position of the body (ascertained by the 
innervation of the head muscles and ocular muscles) which is the 
chief guide. 

4. The Labyrinth. — An external vhiw of tlu^ labyrinth, which is 
enclosed within the ])etrous }K)rtion of the temporal bone, is shown in 



Kkj, 254 — ScctiuTi of human semicircular canal (After lludinger ) 1, Bone; 2, periosteum; 3, 8, 
lilnuus hands eonnecting the ]>eriosteum to 4, the outer libious coat of the membranous canal; 
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lig. 290 (p. 801), The labyrinth consists of three parts — the vestibule 
(1), the three semicircular canals (3, 4, 5) which open into the 
vestibule, and the tube, coiled like a snail’s shell, called the 
cochlea (6, 7, 8). The cochlea is the part of the apparatus which is 
concerned in the reception of auditory impressions ; it is supplied by 
the cochlear division of the eighth or auditory nerve. The remainder 
of the internal ear is concerned not in hearing, but in the reception 
the jjtnpressioiis we are now studying; it is supplied by the 
vestibular division of the eighth nerve. Within the vestibule are 
two chambers made of membrane, called the utricle and the 
saccule ; these communicate witli one another and with the canal of 
the cochlea (fig. 298, p. 802). Within each bony canal is a membranous 
canal of similar shape. Each canal is filled with a watery fluid 
called endolymph, and separated from the bony canal by another 
fluid Ciilliid 2)erilymph. Each canal has a swelling at one end called 
the ampulla. The membranous canals open into the utricle: the 
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horizontal canal by each of its ends ; the superior and 
vertical canals by three openings, these two canals being connected 
at their non-ampullary ends. * 



Fia. 255 — Section throuKli the wall of the ampulla of a semicircular canal, passing througli the crista 
acustica. 1. Kpithelmm ; 2, tunica propria ; 3, hbrous layer of canal . N, bundles of nerve-fibres ; 
C, cupula, into which the hairs of tlie hair-cells project (After Schafer.) 


Fig. 254 shows in transverse section the way in which a mem- 
branous canal is contained within the bony canal ; tiie membranous 
canal consists of three layers: the outer layer is fdirous and 
continuous with the periosteum that 
lines the bony canal ; then comes the I 1 j 

tunica ju’oju’m, composed of homo- | 1 I 

geneous material, and thrown into I i 1 

papilhe except just where the attach- A A A * 

ment of the membranous to the bony ^ 1] r? U ■' 

canal is closest; the innermost layer J'' 1 j 4 I.:-! 

is a somewhat ilattened epithelium. /.-N 1 1^1 j •?''A 

At the ampulla there is a different (Q) 1 ([y) tQj 

appearance ; the tunica propria is y //A v 1 miF 

raised into a hillock called the crista /[ly / 

acustica (see fig. 255); the cells of the f 2 — (Q 1# 

epithelium become columnar in shape, \ (I W 

and to some of them fibres of the — w 

eighth nerve pass, arborising round ivi •• 

them; these cells are provided with Fxa. 256. — 1, Hair-coll ; 8, bair-cell, showing 

stiff hairs, which project into what is IS"! 2 ': 

called the cupula, a mass of mucus- bundle of nervo-llbres which 

i • 1 T'j i ,1 1 • n lost their medullary sheath, and 

like material, Ixetween tJie liair-cells terminate by arborising round the base 

are fibre-cells which act as supports 
(fig. 256). When the pressure of the 

endolymph in the interior of the canals is altered, the liairs of 

the hair-cells are affected, and a nervous impulse is set up in 
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tlie coiitigiioiiK iiorve-fibms, wliicli cany it to tlic central nervous 
system. The stimulation of the hairs is broiiglit about by the 
movements of the endolymph. 

The Function of the Otolithic Cavities. 

Since the ])Osition of the licad is of such importance in 
maintaining posture, a special mechanism has been developed within 
the utricle and saccule which is affected by gravity and in which 



Fio. 257. —Vestibular division of the auditory nerve r, Restiforrn body ; F, descendinp; root of the iiftli 
nerve ; d, libres of descending vestibular root ; n, d , cell of descending vestibular nucleus ; D, nucleus 
ofDeiters; 15, nucleus of Bechtorew ; -a. nucleus tecti of cerobollurn ; pi 5., posterior longitudinal 
bundle; p., principal nucleus. (Schafer.) 


impulses are set up whicli are carried to the brain also by the 
vestibular nerve. 

Tn each saccule and utricle is tlie macula, resembling in 
structure the eristic acusticie of the semicircular canals (p. 687), 
but in addition there are entangled in the hairs of the hair-eells 
calcareous bodies known as otoliths, which stimulate the hairs by 
pulling. The function of an otolithic cavity was first discovered 
in the crayfish, whose cavity is open to the exterior and which 
replaces the otoliths periodically by grains of sand ; when Kreidl 
replaced tlie sand by iron filings and approached tlie animal with 
a magnet, the animal could be made to turn somersaults or to 
adopt any position, according to the direction of pull of the 
magnet. In the mammal, definite alterations in the tone of muscles 
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are caused by change in position of the head, even when the 
reflexes due to stretching of the neck muscles are excluded by fixing 
the neck in plaster of Paris. The reflexes from the labyrinths have 
a longer latent period than those from the neck; the effects from 
neck and labyrinth are summated. 

The reflexes are of two categories: (1) tonic labyrinthine reflexes 
which are shown by the decerebrate animal and which relate the 
position of the body and limbs to that of the head. These depend 
on the utricle whose otoliths lie above the horizontal maculte, and 
(2) labyrinthine righting reflexes which are shown by the thalamic 
animal and which are concerned with maintaining the head in the 
normal position in relation to the earth's surface. If the body is 
moved in such an animal the head is automatically righted. The 
asymmetric righting reflexes depend on the saccules whoso otoliths 
lie lateral to the vertical macuhe ; the symmetrical righting reflexes 
arise probably in both utricles and saccules. 

After bilateral destruction of the labyrinth an animal soon 
recovers from the effect of the operation, because of its visual 
postural reflexes ; but certain functions are never recovered. The 
cat, for example, never regains its proverbial power of falling on 
its feet if thrown from a height, and ceases to be able to rise to the 
surface and swim when thrown into water. 

The function of the otolithic cavities only may be destroyed 
by centrifuging the animal, a procedure which causes it to be 
unable to regain its posture, but it may still respond to some 
extent to sudden movement of the head as the semicircular canals 
act normally. 

The vestibular nerve (see fig. 257) arises from the bipolar cells of the ganglion 
of Scarpa^ which is situated in the internal auditory meatus. The peripheral axons 
ramify among the hair-cells of the epithelium in the utricle, saccule, and semi- 
circular canals. The central axons enter a collection of small nerve-cells between 
the restiforra body and the descending root of the fifth ; this is termed the principal 
nucleus ; here they bifurcate ; the descending branches run towards the lower 
part of the bulb, and arborise round the cells of the neighbouring grey matter 
(descending vestibular nucleus). The ascending branches pass upwards, some to 
the cerebrum, but most by the restiform body to the cerebellum ; in their course 
they give off many collaterals which form synapses with the cells of two nuclei 
near the outer angle of the ventricular floor, known as the nucleus of Deiters and 
nucleus of Bechterew. The fibres which arise from Deiters’ nucleus pass into the 
posterior longitudinal bundles of both sides (see p. 638) ; those which start in 
Bechterew'‘s nucleus become longitudinal, but their destination is uncertain. 


The Function of the Semicircular Canals. 

It will be noticed that the canals on each side are in three 
planes at right angles to each other, and we learn the movements 
of the head with regard to the three dimensions of space by 
means of impressions from the ampullary endings of the vestibular 
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nerve; these impressions are set up by the varying pressure of the 
endolymph in the ampullae. 

Thus a sudden turning of the head from right to left will 
cause movement of the endolymph towards, and therefore increased 
pressure on, the hair-cells connected to the ampullary nerve-endings 
of the left horizontal canal, and diminished pressure on the corre- 
sponding apparatus of the right side. It is probable that resulting 
from such a movement two impulses reach the brain, one the effect 
of increased pressure in one ampulla, the second the effect of decreased 
pressure in its fellow. It may even be that increased pressure on 
one side of a crista is accompanied by dinunished pressure on the 
opposite face of the same crista. 

“ One canal can be affected by, and transmit the sensation of 
rotation about one axis in one direction only ; and for complete 



Fio. 258 —Diagram of semicircular canals, to show their positions in three planes at right angles to 
each other. It will be seen that the two horizontal canals (H) lie in the same plane . and that the 
superior vertical of one snle (S) lies in a plane parallel to that of tlie posterior vertical (P) of the 
otlier. (The student will understand that, though in the diagram the canals are entirely separated 
from one another, they are really connected.) (After Ewald ) 


perception of rotation in any direction about any axis, six canals are 
required in three pairs, each pair being in the same or parallel planes, 
and their ampulla3 turned opposite ways. Each pair would thus be 
sensitive to any rotation about a line at right angles to its plane or 
planes, the one canal being influenced by rotation in one direction, 
the other by rotation in the opposite direction.” (Crum-Brown.) 

The two horizontal canals are in the same plane ; the posterior 
vertical of one side is in a plane parallel to that of the superior 
vertical of the other side (see fig. 258). 

When these canals are diseased in man as in Meniere’s disease, 
there are disturbances of equilibrium : a feeling of giddiness, which 
may lead to the patient’s falling down, is associated with nausea and 
vomiting. In animals similar results are produced by injury, and 
the subject has been chiefly worked out on birds by Elourens, where 
the canals are large and readily exposed, and in fishes by Lee. 

Thus, if the horizontal canal is divided in a pigeon, the head is 
thrown into a series of oscillations in a horizontal plane, which are 
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increased by section of the corresponding canal of the opposite side. 
After section of the vertical canals, the forced movements are in a 
vertical plane, and the animal tends to turn somersaults. 

“When the whole of the canals are destroyed on both sides 
the disturbances of equilibrium are of the most pronounced character, 
Goltz describes a pigeon so treated which always kept its head with 
the occiput touching the breast, the vertex directed downwards, with 
the right eye looking to the left and the left looking to the right, 
the head being incessantly swung in a pendulum-like manner. 
Cyon says it is almost impossible to give an idea of the perpetual 
movements to which the animal is sulqect. It can neither stand, 
nor lie still, nor fly, nor maintain any fixed attitude. It executes 
violent somersaults, now forwards, now backwards, rolls round and 
round, or springs in the air and falls back to recommence anew. It 
is necessary to envelop the animals in some soft covering to prevent 
them dashing themselves to pieces by the violence of their move- 
ments, and even then not always with success. The extreme 
agitation is manifest only during the first few days following the 
operation, and the animal may then bo set free without danger ; but 
it is still unable to stand or walk, and tumultuous movements 
come on from the slightest disturbance. After the lapse of a 
fortnight it is able to maintain its upright position. At this 
stage it resembles an animal painfully learning to stand and walk. 
In this it relies mainly on its vision, and it is only necessary to cover 
the eyes with a hood to dispel all the fruits of this new education, 
and cause the reappearance of all the motor disorders.” (Ferrier.) 

It is these canals which enable the individual to know in which 
direction he is being moved, even though the eyes are bandaged, and 
the feet are not allowed to touch the ground. On being whirled 
round, such a person knows in which direction he is being moved, 
and feels that he is moving so long as the rate of rotation varies, 
but when the whirling stops he seems, especially if he opens his 
eyes, to be whirling in the opposite direction, probably owing to the 
rebound of the fluid in the canals. The forced movements just 
described in animals are due both to the absence of the normal sensa- 
tions from the canals and to delusive sensations arising from their 
irritation, and the animal makes efforts to correct the movement 
which it imagines it is being subjected to. 
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Functions of the Cerebellum. 

The function of the cerebellum was first pointed out by 
Flourens, who showed tliat the cerebellum is, as has been indicated 
already, the great centre for the co-ordination of muscular movement 
— that is, the harmonious adjustment of the working of the muscles ; 
in doing so the cerebellum co-operates intimately with the postural 
mechanisms described above. Its functions are suggested by its 
nervous connections. (Fig . 225, p. 646.) 

Fulton describes it as a vast organ of the motor system lying in 
the downstream in the reflex arc from the cerebral cortex. 

The functions of the cerebellum have been investigated by 
observing the effects of removal in animals and of disease in man. 

These investigations have indicatetl that the organ may be 
divided into several parts which do not correspond to the ordinary 
anatomical nomenclature (Elliot-Smith, Larscll). According to the 
latter there are two primary divisions, the flocculus which is 
essentially connected with the vestibular nuclei and the spino- 
(jortical part which has become very much developed in the higher 
animals and is concerned with the performance of voluntary 
movement. In general it may be stated that disturbance of cereb(dlar 
function is characterised by disturbances of equilibrium and faulty 
performance of voluntar}^ movement. It must, however, be admitted 
that since the importance of the cerebellum varies enormously in 
different kinds of animals, a great variety of effect is obtained. 

The disturbed condition of the gait and co-ordination of an 
animal recently deprived of the cerebellum contrasts very forcibly 
with the sleepy state produced by removal of the cerebrum. For 
such work birds have been extensively used since the cerebellum is 
relatively large and easily accessible in these animals. 

In man disease, such as tumour or abscess, of the cerebellum 
leads to the condition of cerebellar ataxia. This ataxia is part of a 
general disturbance of co-ordination and is S])ecially seen in lesions 
of the flocculo-nodular lobe but then; is no tremor. There is general 
weakness {asthenia) and loss of tone (atonia) of the muscles concerned. 
The muscles, therefore, feel flabby and the limbs unduly loose and 
flail-like if moved. The individual is slow and clumsy and cannot 
bring his mov(;nients smoothly to an end. This may be seen if the 
patient attempts to touch the nose; he not only has difficulty in 
reaching the nose, but he may strike the nose forcibly, while in 
attempting to make such an accurate movement the muscles act 
inco-ordinately instead of acting smoothly together {asynergia). 
There is also a coarse tremor of the hand and there may be 
nystagmus of the eyes (see below). 

The weakness, if unilateral, tends to render him liable to fall to 



CH. XLIX.] 


FUNCTIONS OF THE CEREBELLUM 


693 


the atfected side, since, as we have seen, the cerebellar tracts are 
uncrossed. Tiie head is commonly rotated to the opposite side. 

These facts are no doubt related to tlie observation that 
decerebrate rigidity is reduced l)y stimulation of the supericjr 
peduncle, of the anterior lobe or tlie roof nuclei, while lesions of 
these regions increase the rigidity, but no localised lesions of this 
kind have been described in man. 

Speech may be similarly affected, being typically staccato in 
character or laboriously slow. There are also interference with the 
compensating movement of the eyes, the production of nystagmus 
(see p. 694) and deviation of the eyes. These disturbances result not 
only from disease of the cerebellum, but also wluai the paths to and 
from the organ have been impaired and 
may be considered to be due to an 
asynergy of the muscles concerned. 

The normal mechanism of the knee-jerk 
is disturbed. It is less sustained than 
normally so that the leg a})pears to fall 
limply. The after-swing so produced 
has caused the term ])endulum knee-jerk 
to bo given to the response. 

Localisation of Function. — Various 
attempts have been made by means of 
stimulation and removal to discover 
whetlu^r or not any special parts of the 
cerebrum are related to any parts of the 
body or any special function but there 
is little consensus of opinion on the 
however, that lesions of the Hocculo-iiodular lobe give rise to a 
loss of equilibrium of the trunk but there is no disturbance of 
reflexes and no tremor. This is seen in tumours of the nodules. 

Itemoval of the anterior lobe causes an increase of tendon 
reflexes and of decerebrate rigidity while a stimulation of this 
region reduces such rigidity (Sherrington). 

Itemoval of the more lately developed neocerebellum upsets those 
activities in which the cerebellum works in co-ordination with the 
cerebrum and give rise to the disturbances of voluntary activity 
already described. Section of the superior peduncle has a similar 
effect. 

According to Bolk the upper surface is responsible for the thorax, neck, face, and 
arms, especially for adduction, abduction, and flexion, the lower surface controlling 
the lower part of the body, especially adduction and abduction of legs. 

Recovery from Lesions. — The effects of removal of the cere- 
bellum in animals is, however, not permanent ; indeed, dogs, in which 



Fio. 209.— This IS a reproduction of 
a photograph of a lunatic’s brain 
by Dr Fricko One cerebral and 
the opposite cerebellar lieuiisphere 
are atrophied. 


subject. It seems clear, 
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the cerebellum has been removed, recover their normal gait and do 
not appear otherwise abnormal. In man also, considerable degrees 
of recovery may be seen. 

This recovery appears to be the result of other parts of the 
central nervous system, especially the cerebrum, taking over the 
functions of the cerebellum, since, if in recovered animals the 
cerebrum is now removed, the disturbance of gait returns. 

These facts emphasise the intimate relationship between the 
cerebrum and tlie cerebellum. They suggest, indeed, that the 
cerebellum is not an essential organ in the sense that the move- 
ments cannot be carried out in its absence. It seems not unlikely, 
however, that by greatly facilitating co-ordination, movements may 
become very much easier, and that thereby the cerel^rum is relieved 
of some of its duties. Complicated movements become as a result 
much more automatic than would f)therwi3e be possible. 

Compensating Movement of the Byes. — Of considerable 
interest and importance is the movement of the eyes, which takes 
place automatically when the head is moved, so that they may 
remain fixed on an object. It may be observed in an animal whose 
cerebrum has been removed. If the head is moved up, the eyes 
move down, and vice versa. These eye movements depend on 
impulses from the labyrinth and from the muscles. 

Similar movements may be observed in man: for instance, 
in an individual who attempts to look at passing objects from a 
rapidly moving train. The eyes appear to jump from one object to 
another. It would seem that tliis is a mechanism whereby during 
movement objects are retained in the retina sufhciently long to be 
appreciated. By its use if we pass through a station in an express 
train we see only certain objects distinctly but the rest are a blur. 
The jump is due to the cerebrum, but the lag behind which 
permits a series of objects to be focussed depends on cerebellar 
and brain-stem reliexes. The alternation of slow and fast movements 
of the eyes is known as nystagmus. A similar nystagmus, or 
difficulty in keeping the eyes fixed on an object held at the side of 
the head, is produced normally by heating or cooling the labyrinth, 
and is now a test for tlie efficiency of the latter in suspected disease. 
We have already remarked the interference with the normal position 
and movements of the eyes in cerebellar disease. 


Lower Nervous Mechanisms involved in Co-ordinated 
Movements. 

It will be understood that such mechanisms are not confined to 
the spinal cord but are concerned in the activities of those parts of 
the brain-stem which control the muscles of the head. 
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Reciprocal Innervation of Antagonistic Muscles. — Interest 
in this branch of muscle physiology we owe to the researches 
of Slierrington. When a muscle is stimulated reflexly so as to 
Hex a joint it is evident that the extensor muscles must at the 
same time become elongated. This elongation is not a passive 
phenomenon but is an active relaxation of the muscle which, as we 
liave noted on page 681, is always in a state of tonus or partial con- 
traetion. This may be shown experimentally by separating, say, the 
tendons flexing and extending the knee-joint and attaching them to 
levers. The levers must be sufficiently weighted to stretch the 
muscle so that their tone may be kept up reflexly by the stretch 
reflex oik shortening reaction (p. 682). If, then, the knee is caused 
to be flexed by stimulating an afferent nerve of tlie opposite side it 
will be found that there is a lengthening of the extensor muscle. 
Thus there is reciprocal a(ition between the flexors and extensors. 

In every voluntary act there is this reciprocal contraction and 
relaxation of antagonistic muscles. In some persons the relaxation 
of the deltoid muscle can be felt if the supported elbow is pressed 
against the side. 

Sometimes this reciprocal arrangement gets thrown out of gear. 
This occurs in strychnine poisoning and in lockjaw. When the 
unfortunate patient tries to open his mouth the stronger muscles 
which ought to relax contract at the same time and the jaw is fixed. 
Death occurs from asphyxia because the respiratory muscles go into 
spasm and fix the thorax as a result of the failure of the reciprocal 
mechanisms. 

It is suggested by Gasser (1 937) that the inhibition is produced 
at certain cells by very rapidly travelling impulses which are capable 
of producing only a subnormal phase such as occurs in peripheral 
nerve (see Kefractory Period of Nerve). 

Of course by volition it is possible to contract flexors and 
extensors simultaneously. 

The Principle of the Common Path and of Convergence. — 

When a muscle is made to contract reflexly the impulse which starts 
at the point of stimulation uses a path which can only lie used by 
similar impulses arising from a given region of the body. It is 
a private path. When, however, the impulse reaches the spinal cord 
it uses paths used by impulses from other regions, and when it 
reaches the anterior horn cells through which it is finally effective 
it is said to use the Pinal Common Path. This is a public path upon 
which all impulses intended to reach any given muscle must 
converge. Upon this path converge not only afferent impulses 
arising from the periphery but the impulses which arise in the 
higher parts of the brain and are concerned in voluntary 
activity. 
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It is evident that occasions must arise in which there is 
competition, as it were, for the final common path. 



F’ki. 2(>0 — Tlie sfiratcli reflex. Tracing of the flexors of left hip evoked by stimulation of the skin 
of the shoulder. Tlie depiossion in the signal line S indicates the commencement of the stimulation, 
and its rise the termination While this was going on, the ieft foot was stimulated, and the 
depression of the signal lino L indicates the duration of this stimulation; during the stimulation 
of the foot, and for a short time afterwards, the scratch reflex is inhibited, but tlie scratch reflex 
returns soon afterwards The time is registered m hfths of seconds To be read from left to 
right. (Sherrington.) 


For the investigation of such a problem, the ''scratch reflex” of 
tlie dog is one that lends itself admirably. This can best be studied 
in the “ sjiinal ” dog, that is in a dog in which cerebral influence is 
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shut off by division of the spinal cord in the lower cervical region. 
If the skin over a large saddle-shaped area covering the shoulders 
and back is gently scratched or stinmlaied with a weak faradic 
cuiTent on one side, the liind leg of the same side executes scratching 
movements, which involve flexor muscles principally. The scratch 
reflex is a movement by wliich an animal presumably rids itself of 
irritating insects. 

When, however, the foot is stimulated the impulses set up, if 
noxious, take precedence in the final common path and the scratch 
reflex is inhibited. 

The factors which are chiefly concerned in determining pre- 
dominance in the final common path are (1) Strength of stimulus; 
(2) Importance of the stimulus in relation to survival ; severe pain, 
for example, usually dominates. (3) Fatigue, however, reduces the 
power of dominance of a given stimulus. 

Remforcement . — Instances of reinforcing action may be found; 
for example, if two points of the skin of one shoulder are stimulated 
with a very feeble current, neither stimulus alone may be suflicient 
to evoke the scratch reflex, but the two together may elicit it; 
in order to attain this result the two points of skin must be fairly 
close together. 


The Phenomenon of Inhibition. 

Peripheral Inhibition. — This we have alri^ady noted in relation 
to the eftect of the vagus on the heart, the inhibition of which is 
now known to be proiluced through the mediation of a chemical 
substance, acetylclioline. Inhibition of the intestine by the 
splanchnic nerve is similarly brought about by the production 
of an adrenaline-like substance. How exactly these drugs act is, 
however, unknown. 

Central Inhibition. — This we sec typically in what happens in 
the spinal cord when an antagonistic muscle or when the scratch 
refl(5x is inhibited. As yet, however, we have but fragmentary 
knowledge of this subject. 

We have seen above that it is possible to cause inhibition of the 
stratch reflex. Another example is the crossed extension reflex of 
the quadriceps in a decerebrate cat. This may be brought about by 
stimulating the popliteal nerve of the opposite side at 48 per second 
and sustained contraction of the quadriceps is brought about. 
Stimulation of a sensory nerve of the same side for even '3 sec. at 
once causes the contraction to cease. 

This inhibition apparently takes place in the region of the 
anterior root colls concerned and not on the sensory side of the arc, 
for cessation of the stimulus from the opposite side for a similar 
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period (-3 sec.) has no effect because of the after-discharge of the 
motor cells. 

A central inhibition of the knee-jerk can also be produced and it 
can Ihj sliown that it is much easier to inhibit the knee-jerk of a 
spinal animal than that of a decerebrate animal. 

In relation to conditioned reflexes below wo shall see that 
whatever the nature of inhibition it is an active process, while the 
action of strychnine, which we have noted in relation to reciprocal 
innervation, suggests that it is a chemical process. 

Many ingenious theories have been elaboratiid to account for 
existing facts, but so far ea(;h has fallen when new facts have come 
to light. We are now doubtful whether peripheral and c.entral 
inhibition are such similar phenomena as appeared bef(jre the fact 
that nerves liberated chemical substanc(;s was discovered. 

The extremely rapid action of the nervous system makes it 
difficult to imagine that the accumulation and disa])pearance of 
chemical substances are concerned. Yet all the available evidence 
indicates that something very like chemical changes takes placic 

It can, for examjile, be shown that when an afferent impulse 
reaches the motor cell of a reflex arc a central excitatory state 
is set up. It is ca})able of summation as a result of a succession 
of submini mal stimuli along the same afferent nerve, and when a 
certain strength has accumulated it discharges. There is evidence, 
however, that the discharge may vary in rate and it is suggested 
that muscle activity may be graded thereby. It is indeed 
possi])le to discharge the motor cell artificially by stimulating its 
axon and causing an impulse to pass ii\) to the cell in the 
wrong direction. After-discharge can thereby be prevented (Eccles 
and Sherri ngt(jn). The rate of discharge can be measured by 
recording the electrical variation of the muscle and the gradation 
of muscle activity or the relative number of motor units thrown 
into activity ascertained hy finding the tension set up by the 
muscle. 

It can be shown that there can iji the same way be a summation 
(d a central inhibitory state. This, however, is more persistent 
than C.E.S. (central excitatory state), and is not discharged by 
“ antidromic impulses. 

Eecently it has been suggested by Gasser that central inhibition 
is due to the production of a subnormal phase in motor cells such as 
oc(;urs in peripheral nerve. 

We must assume that in the delicate co-ordinated movements 
of which our muscle^ are capable and in which, as we have seen, the 
cerebellum, etc., a ^i^o ncerned, the mechanisms of excitation and 
inhibition are likewHB||Ddiniately concerned. 
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The Importance of AflFerent Impulses in Co-ordinated 
Movements. 

Wo have already seen, in relation to the maintenance of posture, 
that the dependence of tone on afferent impulses is very great. The 
same applies to co-ordinated movement. It is, however, evident that 
the body eschews unco-ordinated movement. If the afferent pathway 
from tlio hind leg of an animal is cut, e.g. the posterior roots, the 
animal makes no attempt to move the part; nor does a man, the 
afferent part of whoso fiftli nerve has been cut, move liis face unless 
specifically asked to do so. In tabes where the posterior nerve- 
roots are diseased there is similarly a disinclination for movement, 
and movements such as walking are nnco-ordinated because the 
patient cannot judge the strength of his muscular movements. 
Eventually although the motor pathway is intact useful motor 
movement licconics impossible. 

Conditioned Reflexes. 

In this variety of reflex we have the participation of the 
cerebral cortex and apparently of consciousness in its formation, 
and it is so called because it depends largely on the condition of 
its establishment. Conditioned reflexes are not inborn, like the 
reflexes we have hitherto been considering, but have become actually 
acquired by the animal during its life-time. All attempts to demon- 
strate the inheritance of such reflexes by training the parents 
have so far failed. Our knowledge of tliese reflexes we owe 
largely to Pavlov, who has placed their study on an experimental 
basis. His elassic experiment is well known. Ho showed that 
if a bell was rung each time food was given to a hungry dog, 
eventually the dog secreted saliva when the bell was rung, 
although food was not presented. The showing of the food to the 
dog constitutes the unconditioned stimulus, the ringing of the bell 
the conditioned stimulus. The fact that a dog will secrete saliva 
when food is offered is well known, and may be looked upon as an 
inborn or unconditioned reflex ; but it has now been shown that 
practically any stimulus not involving serious hurt to the animal, 
and provided it begins to act slightly before the normal activity, 
may, if it occurs simultaneously with the normal stimulus, become 
the conditioned stimulus. Even the cessation of a stimulus, e.g. 
of the ringing of a bell, may act as a stimulus. The sight of 
the syringe used for the injection of apomorphine is eventually 
sufficient to cause vomiting although no actual injection is made. 
Failure, however, to follow the conditioned by the unconditioned 
stimulus leads to weakening and eventually to loss or extinction of 



700 


REFLEX ACTIVITIES OF THE ANIMAL 


[Cn. XLIX. 


the reflex. Even allied reflexes are affected, a fact which indicates 
that the extinction is an active inhibitory process. A conditioned 
reflex may become established in relation to any reflex activity of 
the animal, even to the knee-jerk, but for the sake of simplicity 
most of the work has been carried out in relation to the secretion of 
saliva. For more accurate work the duct of a salivary gland is 
brought to the surface, so that the saliva can be easily collected 
and measured. Also to avoid the disturbance caused by extraneous 
stimuli, the animal is placed in a special chamber and is observed 
indirectly by means of a periscope. 

It is evident that in the formation of a conditioned reflex two 
processes occur, namely, an analysis of the stimulus which takes 
place in the cerebrum, which with the appropriate afferent nerve 
and nerve-ending comprises the analyser, and an association of the 
conditioned and unconditioned stimulus. If the appropriate part of 
the cortex is removed, e.g. the temporal areas in a case in which the 
conditioned stimulus is a sound, the reflex disappears. This experi- 
ment is important, as it indicates that the reflex does not depend on 
any short-circuiting mechanism through lower centres as has been 
suggested. 

Conditioned reflexes are of interest as they offer a method of 
investigation of the analysers and the power of the lower animals to 
differentiate between different kinds and intensities of stimuli ; for 
example, it has been shown that a dog can differentiate between half 
tones on the piano. It has been possible also by their study to show 
that the })ower of localising the side from which a sound comes 
deptmds on integrity of the corpus callosum which joins the two 
cerebral hemispheres. 

Conditioned reflexes are liable to be inhibited or stoj)ped in 
certain circumstances. If, for example, an extraneous noise is 
heard this may cause a temporary external inhibition of the 
reflex. If, however, the stimulus is harmful and affects the same 
region as the conditioned stimulus, the inhibition may be pmananent. 

It lias been found that a considerable interval may occur between 
the conditioned and the unconditioned stimulus, provided the former 
is applied first. A dog may thus be taught to seereto saliva half an 
hour after a bell is rung (i.e. inhibition of delay). This is known as 
a trace reflex. In the interval some definitely active inhibition must 
be present to prevent the stimulus from acting, since the introduction 
of an extraneous stimulus during the interval causes an immediate 
flow. If, however, in the interval, another stimulus is applied which 
the dog has been taught to associate with no food, it is found that 
an inhibition of the conditioned reflex has been produced, and that 
the latter cannot be elicited again for some time. This we call a 
conditioned inhibition, or if the animal has had to diflereiitiate 
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car(3fully between the positive and negative stimuli, differential 
inhibition. All forms of inhibition other than those caused by 
extraneous stimuli are known as internal inhibition, since they 
involve an active inhibitory process. Evidence indicates that this 
inhibition occurs in the cerebral cortex. Further, it is found 
that if an inhibitory stimulus is repeated its after-effects may be 
summated, the inhibition may involve larger areas of the cerebral 
cortex, and other conditioned reflexes may become affected. Not 
only so, but the inhibition may spread more generally and the 
animal appears to go to sleep. Pavlov suggests that such sleep is 
closely related to liypnotic and normal sleep, which, according to 
this view, is due to accumulated inhibition or the receipt of stimuli 
which are related to cessation of activity. The observance of time 
of night, the ceremony of preparing for bed, provide examples of 
such stimuli in man. Experimental sleej) is most likely to occur 
during differential inhibition, and it is of great interest that the 
inhibition may involve limited areas of cortex. An inhibition 
produced in one analyser may spread to anotlier adjacent, and even 
the motor cortex may become involved. In man also we know that 
sleep may be similarly patchy, and that many activities, e.g. walk- 
ing, hearing, even reasoning, may take place during sleep. 

Many attempts have been made to make diagrams of possible 
now paths being laid down and of short-circuits formed. Such 
diagrams are more fanciful than useful since the amount of exact 
information on such subjects is negligible. It seems indeed more 
jirobable not that new paths exist separately but that they are 
merely different from the old in that the imjiulses pass along them 
at too great a rate to affect consciousness. 

Of interest appears to be the importance of coincidence in 
time in the formation of conditioned reflexes. Since a nerve 
impulse is self - propagating it is reasonably possible that two 
impulses arising at the same time in different parts of the body 
may eventually meet. It may be that this hitherto little ajipreciated 
point may be of fundamental importance in relation to the formation 
of conditioned reflexes. 

Some very interesting observations in this relation have been 
made on animals which appear to throw light on human beliaviour. 
For example, when an animal has acquired a positive response to 
an object of circular form and a negative one to an ellipse, great 
irritability and restlessness are observed if an object intermediate 
in shape is used. The state produced is comparable to that of 
neurasthenia in man or the irritability ])roduced when one is unalfle 
“ to make up one’s mind.” 

It is evident that the learning of so-called tricks by the lower 
animals must depend on similar mechanisms. It may be that many 
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of tlio proMeins of iiieniory do so also, for we can readily say that 
tlio do^ reinenibcrs the association of the conditioned with the 
unconditioned stininlns. 

Pavlov lias hcon ahlc to differentiate between different kinds 
of nervous systems in regard to the ease with wliich excitatory and 
inhibitory states may be formed. Some ai’e well balanced, others 
less so ; ho draws attention to similar differences which occur in 
human temperaments. 

It is but a step from the conditioned reflexes just described to 
the phenomenon of acquiring habits or habitual actions, such as are 
involved in learning to ride a bicycle or drive a motor-car. The 
movements are, in the first instance, acquired as a result of conscious 
effort, but subsequently become reflex in nature and no longer 
involve such effort. Until we attempt to write or use a knife and 
fork with the unaccustomed hands we scarcely realise how many of 
our actions are reflex in character. In relation to posture, for 
example, we have a large number of inborn reflexes, but in addition 
to these we may by practice acquire a vast number of others, our 
total capability in relation to postural equilibrium being a combina- 
tion of the inborn and the acquired. How far some of the still 
higher activities of the brain may be held to be a similar summation 
of inborn and acquired characteristics leads into the realm of 
psychology, which is outside our present province. 

Superficial Refiexes. 

These reflexes are probably protective in nature. They are 
obtained by a gentle stimulation, such as a touch on the skin ; the 
muscles beneath are usually affected, but muscles at a distance may 
be affected also, for example : 

a. Gluteal reflex: a contraction in the gluteus when the skin 
over it is stimulated. 

b. Cremasteric rejlex : a retraction of the testicle when the skin on 
the inner side of the thigh is stimulated. 

c. Abdominal reflex: a contraction of the muscles of the 
abdominal wall when the skin over the side of the abdomen is 
stroked ; the u[)per part of this reflex is a very definite contraction 
at the epigastrium, and has been termed the epigastric reflex. 

d. A series of similar reflex actions may be obtained in the muscles 
of the back, the highest being in the muscles of the scapula. 

These reflexes commonly disappear if the pyramidal tracts are 
destroyed. 



CH. XLIX.] 


i^OTES 


703 



704 


NOTES 


[OH. XLIX. 



CHAPTER L 


FUNCTIONS OF THE CEKEBKUM 

The cerebruiji is tlie seat of those psychical or mental processes 
which are called volition and feeling; volition is the starting-point 
in motor activity ; feeling or consciousness is the final phase of 
sensory impressions ; the correlation of sensations with one another, 
and with volitional impulses so generated, constitutes thought. That 
the brain is the organ (or anatomical correlate) of mind is to-day 
a matter of such common knowledge that it is almost superfluous 
to mention it in a physiological text-book. Yet its functions were 
entirely unknown or only dimly conjectured by ancient philosophers, 
and the overwhelming importance of the grey matter on its surface 
in mental phenomena is a discovery of comparatively recent date. 

The functions of any organ may be discovered by a variety of 
procedures, each of which has been applied to the cerebrum as a 
whole and to its parts. 

(a) '.rhe relative development of the organ according to position 
in the animal scale. 

(b) The histological structure. A study of the cell layers 
suggests the relative importance of the various parts of the brain. 
These have already been discussed in relation to the anatomy of the 
cerebrum. 

(c) Stimulation — usually electrical or chemical. 

(d) Extirpation or removal of the whole or part of the organ. 

(e) Diseases of the organ may be studied. In the case of the 
cerebrum these correspond either to extirpation or to stimulation. 

Of recent years a considerable advance has been made in the 
study of the function of the cortex by the establishment of 
conditioned reflexes (see p. 691)). 

Effects of Complete Removal of the Cerebrum. 

The brainless frog which we have studied in relation to the 
functions of the spinal cord is also a useful object-lesson to teach 
us the uses of the part removed, by observing in what manner 
the animal differs from one which has its brain intact. If, instead 
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of taking a frog, we take an animal lower in the scale, where the 
brain is not so fully developed, the effect of removing that organ 
will be less marked ; whereas if we remove the brain in a more 
highly developed animal, the simultaneous removal of the brain 
functions will be naturally more noticeable. We have already 
seen that the development of the cerebral hemispheres increases in 
importance as we rise in the animal scale. 

If the cerebral hemispheres are removed in a teleostean or bony 
fish (and in such animals there is only a rudimentary cortex), the 
animal is to all intents and purposes unaffected ; it can distinguish 
between a worm and a piece of string, and will rise to red wafers in 
preference to those of another colour. The operation does not 
damage the primary centres of vision (the optic lobes, which corre- 
spond to the corpora quadrigcmina of the mammal), and in these 
fishes the eye is the most important sense-organ. 



Fio. 2G1. — Pigeon after removal of the homisx>liere3. (Dalton.) 


A shark, however, subjected to the same operation, is reduced to 
a condition of complete quiescence; this is due to the circumstance 
that in this fish the principal sense-organ is that of smell, and sever- 
ance of both olfactory tracts produces the same result as removal 
of the entire cerebrum. In either case the path between the 
olfactory bulbs and the centres that control the cord are interrupted. 

In the frog, we find that removal of the hemispheres only does 
not entirely abolish its apparent spontaneity; it still continues to 
feed itself, for instance, by catching passing insects. It is not until 
the thalanii are removed also that it becomes a purely reflex animal. 
If the brain and the anterior end of the bulb are removed the lower 
centres of the cord are set free, and the result is incessant movement 
provoked by slight stimuli. 

A bird from which the cerebrum has been removed remains 
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perfectly motionless, sleepy, and unconscious (see fig. 261) unless 
it is disturbed. When disturbed in any way it will move; for 
instance, when thrown into the air it will fly. But these movements 
are, as in the frog, purely reflex in character ; when the animal is 
made to fly its movements are directed by visual stimuli, the visual 
apparatus being still intact, and it will select a perch to settle on in 
preference to the floor. It will start at a noise; it will not eat 
voluntarily ; it exhibits no emotions such as fear, sexual feeling, or 
maternal instincts. 

In mammals the operation of extirpation of the brain is attended 
by such severe hjemorrhage that the animals die very rapidly, 
but in some few cases where they have been kept alive, the 
phenomena they exhibit are similar to those shown by a frog or 
pigeon. The difficulty of the operation was overcome in dogs by 
Goltz of Strasbourg, who removed the cerebrum piecemeal. One dog 
treated in this way lived in good health for eighteen months, when it 
was killed in order that a thorough examination of the brain might 
bo made. It was then found that not only the hemispheres but the 
main parts of the thalamus and corpus striatum had been removed 
also. Though it could still carry out co-ordinated movements, its 
reactions were entirely reflex, and memory, emotions, and the capacity 
to learn were absent. 

The results of the operation become progressively greater as 
we ascend the scale. The higher the animal, the more fatal the 
effects, the more severe the immediate disturbance, the slower the 
return of function, and the greater the permanent loss. 

This is anatomically explicable when we remember that in the 
lower animals the pyramidal pathway is insignificant, and when 
it is interrupted the disturbance is consequently slight. In animals 
below the mammals it is absent, and going up the mammalian 
scale it becomes more and more important, as the following figures 
show : — 

In the mouse the pyramidal fibres constitute 1 *14 per cent, of those in the cord. 

,, guinea-pig „ „ 3’0 ,, „ 

,, rabbit ,, „ 5*3 ,, „ 

M cat ,, „ 7*76 ,, ,, 

man „ „ 11*87 ,, 

We can therefore quite readily understand that in the apes and 
in man, a damage to the cortex which causes degeneration of these 
tracts will cut off many impulses to the anterior cornual cells, and 
produce a greater or less degree of paralysis. 

“ Sham Rage.” — In the cat acute removal of the cerebrum may 
lead to intense sympathetic discharge, during which the animal 
develops “sham rage.” The pupils dilate, the hairs stand on end, 
the blood-pressure rises and salivation occurs (Bard). This is due 
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to a release of hypothalamic activity, for removal of the hypo- 
thalamus produces a cessation of symptoms. 

Decerebrate Rigidity. — In acldition to these effects the removal 
of the cerebrum reduces the normal inhibitory effect of the higher 
centres on the reflexes. But to produce rigidity the section must 
pass through or below the red nucleus of the mid-brain. This has 
already been dealt with on p. 682. 

Localisation of Cerebral Functions. 

The different parts of the brain and of its cortex are related to 
different parts of the body. The right hemisphere, for instance, 
controls the voluntary movements on the left side of the body, 
and receives sensory impulses from the left side, and vice versa. 

In each hemisphere there are certain areas, termed motor areas, 
which are the starting-points of those volitional impulses which 
give rise to movements ; and other areas primarily concerned in the 
reception of sensory impulses ; these are termed senso7'y areas. These 
various areas have been mapped out by means of experiments on 
animals, and by the observation of disease in man. 

It must, however, be understood that the idea of those centres 
is merely a convenient convention. The areas or centres are but 
recognisable points in a very complicated system of reactions. The 
brain really acts as a whole. Let us take an example, and imagine 
the smell of an orange; such an abstract idea of an isolated 
sensation is impossible; we cannot think of the smell of the 
orange apart from the other characteristics of the fruit, the smell 
recalls the taste, the shape, the colour, the act of peeling it, fingering 
it, cutting it, eating it, and so forth. One sensation due to the 
activity of one area, such as the olfactory area, calls into play 
the activity of other sensory areas, and of the motor areas, and of the 
links between the sensory and motor areas. The brain is acting as 
a whole because its various parts are called into play simultaneously, 
though the whole brain is not concerned in each of the component 
sensations and volitions associated with any particular mental state. 

Moreover, the doctrine of cerebral localisation is not accurately 
expressed by the statement that a cortical centre is one, the stimula- 
tion of which produces a definite response, and the extirpation of 
wliich abolishes the response. We shall, for instance, immediately 
see that the stimulation of certain areas in the dog’s brain produces 
certain movements, but Goltz showed that in his dogs the removal 
of an entire hemisphere did not cause permanent paralysis of the 
opposite side of the body. 

In the central nervous system there are few or no places 
where only one set of nerve units are situated, with fibres passing 
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to or from them. Every locality has several connections with 
other parts, and also fibres passing through it which connect together 
the parts on all sides of it. Hence in extirpating even a limited 
area, numerous pathways are interrupted, and the damage is con- 
sequently widespread. Much of the disturbance produced at first 
gradually passes away, and the temporary effects must be distinguished 
from those which are permanent ; the permanent effects have the 
greater significance of the two. Moreover, it is clear that the relative 
and absolute value of any locality in the central nervous system 
depends largely on the degree to which centralisation has progressed, 
and on the amount of connection between the various areas. The 
closer the connection, the more numerous and intricate the path- 
ways, the greater will bo the permanent effects of an extirpation, 
and the recovery of function the more remote. The lower the 
animal in the zoological series, or the less the age of the animal, the 
more imperfectly developed will be the connecting strands, and so 
the possibility of other parts taking up to some extent the functions 
of those that are removed will be increased. 

Modern researches have brought out the overwhelming import- 
ance of ilie cortex ; it contains the highest cerebral centres. The 
corpus striatum was previously regarded as tlie great motor centre, 
and tlie thalamus as the chief centre of sensation. The idea that 
the basal ganglia were so important arose from the examination 
of the brains of people who had died after cerebral htemorrhage ; 
but more accurate comparison of the clijiical symptoms with the 
post-mortem findings has shown that the paralysis caused by the 
ha3niorrhage is due to injury of the pathways from the cortex ria 
the internal capsule. The most detailed analysis of cortical localis- 
ation during recent years has been that of Brodman, whose findings 
are shown in the next diagram. 

The Motor Area. — The elucidation of this area has been most 
successfully carried out by the method of stimxUation. The 
best method is that of Sherrington. The brain in an anaesthetised 
animal is exposed and stimulated with a weak faradic current, 
one electrode being placed on the brain, and the other attached 
to an indifferent part of the animal’s body. This allows of 
finer localisation than is possible with the ordinary double-point 
electrodes. 

By such means it has been found that stimulation of the part 
of the ascending frontal convolution, which lies immediately in 
front of the fissure of Eolando, causes movement of the opposite 
side of the body. Small groups of muscles may be caused to con- 
tract and from no other region can such movements bo so easily 
elicited. 

The excitability of this region depends on the integrity of the 
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underlying Betz cells and disappears if they are destroyed. It also 
varies from time to time and is reduced after stimulation. It is 
extremely sensitive to acid-base changes. Increased acidity causes 
the excitability and alkalinity the cmlic changes to disappear. 

Bemoval of the area causes paralysis of corresponding movements 
but no sensory changes. There may, however, be vasomotor changes 
and exaggerated shivering. 



Fia 2G2 — Ijram of cliimpaii/eo. Left lioniispliero viewed from side and above so as to obtain tbe 
contlKuratioii of the Jiolandic area The llgnre involves bomo foreshortening about both ends of 
Uie sulcus centralis or lissure of llolando. The extent of the so-called motor area on the free 
surface of the hemisphere is indicated by black stippling which extends back to ibo central .sulcus. 
Much of the “ motor” area is hidden in sulci, for instance, it extends into both the central and 
precentral sulci. 


Premotor Area. — Close to .the motor area proper are less 
excitable areas, stimulation of which gives less discrete movements 
(areas 3 and 6) but these movements are abolished by removal of 
the motor area. This area is less excitable, requiring a rate of 
4 per second compared with 7 to 20 for area 4. The area has no 
Betz cells (Fulton). 

There is great variability in the excitability of this part of the 
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cortex from time to time and the muscles which contract may be 
varied by stimulation of the sensory part of the cortex, and it has 
been found that as one set of muscles contracts there is reciprocal 
relaxation of another (see Eeciprocal Innervation). 

If the stimulation used is too powerful the movement spreads to 
other parts, and a considerable portion of the body may be thrown 
into convulsive movements similar to those seen in epilepsy. 

The first work was carried out by Hitzig and Fritsch on dogs. 
They found that the motor area was situated in the neighbourhood 
of the crucial sulcus, which probably corresponds to the fissure of 
liolando in man. 

The most important experiments on this subject were those of 
Sherrington and Leyton, who made a numbbTfof experiments on 
monkeys, and the human brain so far as it has been examined has 
given similar results. The motor area proper (area 4) has now been 
shown to be much narrower than orginally described, as it extends 
deeply into the fissure. Older descriptions included the premotor area. 

The proof that the properties of the motor area depend on its 
l?etz cells is based on three pieces of evidence. Stimulation of the 
area is ineffective before the cells have developed in infant Macacus 
monkeys, after it has been coagulated by heat (Barenne) or after 
section of the pyramidal tracts (Marshall and Towers.) 

It cannot fail to strike even a superficial observer how large 
the cortical area is which deals with movements of the head and arm 
regions when compared with that of the lower limb, and still more 
with that of the trunk. The trunk itself has a larger mass of 
muscular tissue, but it is in the head region (which includes the 
complex movements of the tongue and such structures as the vocal 
cords) and in the arm and hand that the movements are most varied 
and most delicate. No doubt this is the explanation of the greater 
size of their cortical representation. 

Other Motor Areas. — In addition to the movement of limbs 
and trunk, it is possible from the regions indicated in fig. 262, to 
obtain conjugate movements of the eyes with constriction of the 
pupil, movements of the larynx and of the muscles of respiration. 
A motor area for the eyes is also present in the inner aspect of 
the occipital lobes. 

Extirpation or removal of the motor area produces paralysis of 
the same groups of muscles as are thrown into action by stimulation. 
Destruction of the motor area leads to degeneration of the whole 
pyramidal tract which arises from this region (see p. 626). 

In monkeys there is some recovery especially of proximal joint 
movement, but the finer patterns of response are not regained. 
A similar slight recovery may occur in man, but practically none 
in the hand. 
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The reflexes are de])ressed but later become exaggerated. A 
flaccidity of muscles geiuirally persists. Tn this latter point ablation 
differs from pyramidal tract lesions, in which characteristic rigidities 
appear. 

The study of injury or disease indicates that the effect of either 
removal or stimulation may be produced. An example of the former 
is seen in the effect of a luemorrliage on the surface of tlie liraiii 
such as occurs sometimes at birth. It results in a degeneration of 
that part of the pyramidal tract which is composed of fibres from the 
portion of tfie cortex injured, and a corresponding region, commonly 
a limb on tlie opposite side of the body, is paralysed (see also 
“ Voluntary Movement”). 

On the other hand, a tumour or a spicule of bone after an 
injury may irritate the motor area and set up movements of one 
particular part of the body (Jacksonian epilepsy), which may spread 
and cause general convulsive seizures. The cause of irritation is 
often removed surgically, and if the surgeon is in doubt as to the 
exact region irritated, he may stimulate the suspected part to find 
if it pro(luces the same movements. No more striking ])roof of the 
value of purely scientific animal experiment exists than the cure 
of an individual of Jacksonian epilepsy, and such brain surgery 
emphasist^s the necessity for knowing the surface marking of the 
various areas. 

Some areas which normally move together are innervated from 
both sides of the brain, c/y. the upper part of the face, and are 
not ])aralysed by unilateral lesions. 

Jiemoval of the premotor arca{^a) leads to characteristic disturb- 
ance of posture including an exaggeration of the grasp reflex of 
the fore-limb. There is only a disturbance of skilled movements. 
The spasticity affects particularly the antigravity muscles due to 
reh‘ase of the extrapyramidal system (Fulton). It is believed that 
from this region the extrapyramidal system begins and that impulses 
pass from it to the basal ganglia (Fulton). 

The Motor Areas and the Autonomic System. — A large 
number of changes such as vasoconstriction, vasodilatation, cardiac 
acceleration and slowing, and gastro-intcstinal changes can be 
produc(;d by stimulation of areas 4 and 6 (Fulton). 

The Sensory Areas. 

The Sensory Areas. — The methods used in the study of the 
sensory cortex have necessarily been less direct than in the case 
of the motor cortex but in general have been similar. In many 
cases careful anatomical dissection has pointed the way. The study 
of this subject was initiated by Ferrier. 
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Stimulation. — In animals, it is difficult to say when a sensation 
is experienced, but sensation is assumed from the indirect evidence 
in the form of reflex movements which usually accompany sensation ; 
thus on stimulating the auditory area there is a pricking up of the 
ears ; on stimulating the visual area there is a turning of the head 
and eyes in the direction of the supposed visual impulse. That such 
movements are reflex and not direct is shown by the long period of 
delay intervening between the stimulation and the movement. Some 
experiments have, however, been made on man (see below). 

Barenne has found that chemical stimulation of a sensory area 
by strychnine may cause symptoms of local pain, e.g. a limp on the 
part of the animal. 

Extirpation of a sensory area leads to loss of the sensation 
subserved. Since a study of sensation in animals is so difficult 
the majority of the observations have to be made on man 
after injury or disease. In Jacksonian epilepsy, for example, 
the generalised convulsion may be preceded by a sensory aura, 
or indefinite sensation. 

Extirpation has also been used in combination with conditioned 
reflexes on trained animals. The animals lose these responses which 
depend on the areas removed. 

The electrical reactions of the various regions of the cortex 
in response to peripheral stimulation have also been used to trace 
pathways. 

The Parietal or Tactile Area. — The more exact methods 
introduced by Sherrington and Leyton have, however, shown that 
stimulation of the ascending parietal produces no direct move- 
ments ; secondary movements may be elicited, just as stimulation of 
the visuo-sensory area provokes secondary movements of the eyes. 
Extirpation of the ascending parietal, however, leads to no motor 
paralysis, and no degeneration of the pyramidal tracts. Histological 
examination of the ascending parietal grey matter shows it, moreover, 
to possess the structure of a sensory rather than of a motor area. 

Anatomical studies had shown that there existed a fan-like 
projection system of fibres between the thalamus and the parietal 
cortex and each of the methods referred to have indicated that sensory 
impulses are transmitted to the post-central gyrus immediately 
behind the Assure of Kolando and to the posterior lip of the 
precentral gyrus. Moreover, it has been found that the sensory 
area for the arm is in the same level from the corresponding motor 
area (Benfield and Boldrey). 

F.xperiments of strychninisatioii of the cortex, of ablation in 
trained animals, and a study of the electrical responses to peripheral 
stimulation have been confirmed by direct experiments on man. 
Patients whose cortices have been exposed for other reasons have 
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permitted electrical stimulation of the region. The sensations 
experienced have not usually been very definite, those of 
constriction, numbness and tingling (Cushing), Pain is unusual 
but has been described as arising from areas 5 and 7 by Foorster. 
The sensations are referred to definite peripheral parts such as 
the arm or leg. 

Loss of the parietal region in man and monkeys leads to results 
which the foregoing would suggest. There is a loss of the power to 
differentiate between weights and shapes. Some late improvement 
occurs but more in the trained chimpanzee than in man (Euch, 
Fulton and German). Sometimes a patient loses his sense of 
awareness of the existence of a part of the body (apart from sight). 
This leads to a virtual paralysis, as the subject cannot use the limb 
properly, as when the posterior roots are cut in an animal the 
limb is not used. 

Commonly, there is marked psychical changes and disturbances 
of speech (see Speech). 

The parietal lobe generally is the part of the brain which shows 
the highest development histologically. Just posterior to the 
sensory region is a large association area wherein we believe ideas 
regarding multiple sensations are associated. If this region is 
destroyed tlie patient loses the power of recognising objects by 
touch (astereognosis). 

The Visual Area.— The lower the animal in the series, the 
more readily can its actions be controlled by sensory impulses which 
have not passed through the cerebral cortex. A decerebrated bony 
fish can distinguish colours, a frog can catch flies, even a pigeon will 
select its perch, though it takes no notice of food or of people who try 
to frighten it. A dog similarly operated on is practically blind, 
though it will blink at a bright flash of light. In the lower 
animals the impulses pass in to the primary visual centre in the 
optic lobes which acts as the centre for the reflex ; as we ascend the 
animal scale, the path via the cortex becomes more permeable, of 
greater value, or even indispensable, and the reflexes through the 
lower centres are of less importance ; not only so, but there are sub- 
divisions of the visual cortical area, which correspond to different 
regions of the retinre. 

We may in fact speak of the visuo-sensory field in the cortex as 
the cortical retina upon which the impulses from the actual retina 
in the eye are projected, in a manner analogous to the way in which 
the field of vision is projected upon the actual retina. 

In the fishes which have no cerebral cortex, the optic lobes, 
analogous to the C. quadrigemina, are the centres for vision. In 
some fishes, a small number of the fibres of the optic nerves pass into 
the geniculate body, which forms a cell-station on the road to the 
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posterior region of the cerebrum, where a primitive cortex begins to 
appear. On ascending the animal scale, this group of fibres becomes 
more and more abundant, and this part of the cortex becomes more 
elaborate in structure. When we reach the monkeys, this part of 
the brain is cut off from the rest by the parieto-occipital fissure to 
form a distinct occipital lobe. This fissure is called the ape’s 
split. In the lower monkeys this lobe is smooth (fig. 262, 
p. 710), bitt as the great parietal association centres get larger with 
increase of intelligence, the visuo-sensory area is pushed back, and 
the lobe thrown into folds. In the highest apes, and in the lower 
races of mankind, a good deal of the visuo-sensory sphere is still 
seen on the external cerebral surface; but in the higher races, 
most is pushed round on to the mesial surface. This calcarine area 
is also named the striate area, because it is characterised by the 
white stripe called the line of Gennari in the cortex. 

Some animals have panoramic and others stereoscopic vision.' 
The former (mainly vegetable feeders) have eyes set laterally ; each 
eye receives a different picture, and the decussation of the optic 
nerves is complete; each eye sends impulses to the oj^posite hemi- 
sphere. Animals with stereoscopic vision have the eyes, as in inan, 
in front, and the optic axes can be converged so that an object is 
focussed with both eyes. This becomes necessary in carnivora, which 
have to catch moving prey ; the more complex the movements of the 
fore-limbs, the greater becomes the necessity for fixation of the eyes 
to guide them. In such animals each visual area corresponds to 
the same half of both retinie, that is, to the opposite half of the 
visual field ; the lower half of each area corresponds to the upper 
half of each half field of vision, and we versa. The appearance of 
the macula lutea in the primates is the culminating point in visual 
development among the mammals (Holmes and Jdster). Macular 
representation is, however, unilateral. 

A man or animal which loses both eyes is blind, but in 
time manages to find its way about. Tliis is not the case 
when blindness is produced by removal or disease of both occipital 
lobes ; here, the sense of orientation is lost also, for the 
association of sensory memories and motor impulses is then 
impossible. 

Eemoval of one occipital lobe will be followed by different 
results in the two classes of animals just referred to. In those 
with panoramic vision, the result will be blindness of the opposite 
eye, because the decussation of the optic nerve is complete at the 
cliiasma. But in animals such as monkeys with stereoscopic vision 
(in which the oidy decussating fibres are those which come from the 

* According to Elliot Smith the development of stereoscopic vision has been 
an important cause of the advancement of the higher mammals. 
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inner lialves of ilic two retiiiai) removal of one occipital lobe, or 
disease of that lobe in man, produces blindness of the same side of 
each retina, or inability to see the opposite half of the visual field. 
This is called hcmimiopsia ; the head and eyes are turned to one 
side, namely, tlie side of injury {conjugate deviation to the side of the 
injury). Such an operation docs not destroy vision in the central 
portion {macula Intca) of either retina, because each macula sends 
impulses to both sides of the brain. Stimulation of one visual area 
leads to a subjective sensation apparently coming from the same 
halves of both retime, and also excites the solitary cells of Meynert ; 
this produces conjugate deviation of head and eyoi towards the 
opposite side to tliat stimulated. 

These solitary cells are so called because they are few and far 
between ; they are large cells not at all unlike the Betz cells of the 
motor cortex. Their axons, no doubt, pass in long association tracts 
to the motor eye centre of the frontal region and to the corpora 
quadrigemina. 

The optic radiations consist of (1) sensory fibres from the optic 
tracts via the external geniculate bodies and in the lower animals 
via the pulvinar of the thalamus ; (2) efferent fibres to the centres 
for eye-movements; and (3) association fibres, which are last 
developed. The last-named link one convolution to others, and the 
two hemispheres together, and bring about association of ideas of 
vision in both hemispheres, and with other sensations. A largo 
collection of such filires runs horizontally through the grey matter. 
This white stripe is often visible to the naked eye; it is the 
anatomical mark of the visuo-seiisory cortex, and is called the line of 
Gennari. The visuo-psychic region has no line of Gennari, but 
possess('.s many small and medium-sized pyramidal cells in its 
outer layers, wliich play the part of association units, where memory 
pictures are stored and visual sensations correlated with those from 
other sense-organs; the higher one ascends the animal scale, the 
greater becomes the depth of this layer. 

The eye centre in the frontal lobe is separated, in the higher 
apes and man, by inexci table grey matter from the rest of the 
motor area. No cortical centre is purely motor or purely sensory, 
and this one, though usually called motor, has its sensory complement 
probably from the eyeballs and eyelids (trigeminal nerve region). 
The newly developed grey matter between it and the Kolandic 
region is an area prol)ably conc(irned in the association of eye- 
movements with equilibration and the maintenance of the erect 
position; we know, moreover, that the fibres from the frontal 
lobe to the cerebellum (the centre for co-ordination) are very 
numerous. 

The Auditory Area 22. — It has now been shown that the upper 
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temporal convolution is concerned with the perception of hearing 
though it is by no means easy to ascertain whether or not an animal 
is deaf, but Pavlov’s method of producing conditioned reflexes has 
now furnished a test. It is doubtless surrounded, as are the visuo- 
sensory area and other sense areas, by a psychic or association 
sphere, and is connected to surrounding parts, and especially to 
the visual area, by annectent gyri. A good deal of the auditory 
area is situated in the depth of the posterior limb Sylvian fissure 
where the gyri transversales which cross it are found. Destruction 
of both temporal lobes does not cause complete deafness but the 
disturbance of hearing is considerable and affect both acuity and 
auditory localisation. Abnormal sounds may be heard, e.g. buzzing. 

In lesions of the left side in right-handed persons there is 
commonly disturbances also of speech, especially of the appreciation 
of speech, such as recognition of the names of objects. Sometimes 
auditory manifestation may usher in an epileptic fit or a “dreamy 
state” (Hughlings Jackson). In abscess of the temporal lobe there 
may be loss of vision from injury to the optic radiation. Stimulation 
of the auditory area in conscious subjects arouses sensations of 
buzzing, roaring and giddiness. 

Taste and Smell are closely connected ; their cerebral area is the 
uncinate and hippocampal gyrus, and the ti^) of the temporal lobe. 
These jiarts are relatively more important in animals which rely upon 
smell and the oral sense for their guidance. This part of the cortex 
is of simpler structure than the rest, and on account of its early 
appearance in the animal scale is known as the archipallium or 
primitive brain. 

The Silent Areas. — On referring once more to the maps of 
the brain, it will be seen that there are many blanks ; one of 
these is in the anterior part of the frontal region. Extirpation 
or stimulation of this part of the brain in animals produces but 
little result. The large size of this portion of the brain is very 
distinctive of the human brain, and it has therefore been supposed 
that here is the seat of the higher intellectual faculties. Such a 
question is obviously very dillicult to answer by experiments 
on animals. A study of the symptoms of tumour of the frontal 
lobe indicates that this part of the brain plays a considerable part 
in the intellectual functions. There are commonly described, as a 
result of such tumours, loss of mental acuity, stupid mistakes, loss 
of memory and of the power to supervise ; frequently, however, 
the patient is certified insane, before the tumour is diagnosed. 
The celebrated American crowbar accident is frequently quoted in 
this relation ; owing to the premature explosion of a charge of 
dynamite in one of the American mines a crowbar was sent 
through the frontal region of the foreman’s head, removing 
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the anterior part of his brain. Although fit physically when he 
returned to work, he was practically useless mentally, having lost 
just those higher functions which are so important in the super- 
intendence of other people. It has been found also in monkeys 
that although removal of this part of the brain did not interfere 
with the recently acquired responses to simple stimuli it did 
interfere with responses which required any material memory on 
the part of the animal. Fulton describes the occurrence of a rather 
fatuous equanimity of spirit” which one encounters in a good-natured 
drunkard but never in a normal chimpanzee. These changes, 
however, occur in monkeys only after bilateral extirpation. Mott’s 
observations on lunatics show that this region is important for 
intellectual operations, though not so important as the parietal 
association area behind the Eolandic area ; the greater the 
intellectual development, the larger and more convoluted does this 
parietal region become. 

The association fibres have been the subject of special study 
by Flechsig, who has shown that in the development of the 
brain these are the last to become myelinated; white fibres 
do not become fully functional until they receive their medullary 
sheath. This coincides with the well-known fact that association 
of ideas is the last phase in the psychical development of the 
child. It has been shown that the frontal convolutions aie 
connected by important association tracts with the more posterior 
regions of the brain (see fig. 242, p. 654), and there is therefore 
no difficulty in understanding that the frontal convolutions play 
the part of a centre for the association of ideas, or in other words 
for intellectual operations. 

There is some evidence that in right-handed persons the left 
frontal lobe is more essential for consciousness than the right since 
ligriture of the arterial supply of the latter has a much greater 
effect on the apparent consciousness of the animal than ligature 
of the right side. 
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SENSOliY NEIlVE-ENDINCxS 

Although different types are described, it must be understood that 
many intermediate forms occur. 

Pacinian Corpuscles. — 'J’hese are naiued after their discoverer 
Pacini. They are little oval bodies, situated on some of the cerebro- 
spinal and sympathetic iierves, especially the cutaneous nerves of 
the hands and feet, where they lie deeply 
placed in the true skin. They occur on the 
nerves of the mesentery of some animals 
such as the cat. They have been observed 
also in the pancreas, lymphatic glands, and 
thyroid glands, as well as in the penis. 

They are about inch long. Each cor- 
puscle is attachecl by a narrow pedicle 
to the nerve on which it is situated, and 
is formed of several concentric sheaths 
of connective tissue, each layer being lined 
by endothelium (fig. 264) ; through its 
pedicle one or more nerve -fibres pass; 
these lose their medullary sheaths and enter 
a central core, at or near the distal end 
of which they terminate in an arborisation. 

Some of the layers are continuous with 
those of the perineurium, but some are 
super-added. 

End-bulbs are found in the conjunctiva 
(where in wan they are splieroidal, but in 

most animals oblong), in the glans penis puacies attached, about the 
and clitoris, in the skin of the lips, in the Henie and Koiiiker.) 
epineiirium of nerve-trunks, and in tendon; 

each is about inch in diameter, oval or spheroidal, and is 
composed of a mcdiillated nerve-fibre, which terminates among cells 
of various shapes (fig. 266). 

Corpuscles of Ruffini and Golgi-Mazzoni. — These are also 
encapsulated but simpler than end-bulbs, the nerve having fewer 
loops. 
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Touch-corpuscles (Meissner’s corpuscles) (figs. 2G5, 267) are 


found in tlie papilke of the skin of 



Fkj 284 —Pacinian corpuscle of tlie cat’s mesen- 
tery The stalk consists of a nerve-libre (N) 
with its thick outer sheath. The periplieral 
capsules of the Pacmiau corpuscle are con- 
tinuous with the outer sheath of the stalk. A 
blood-vessel (V) enters the Pacinian corpuscle, 
and approaches the end ; it po-ssesses a slieath 
which IS tlie continuation of the peripheral 
capsules of the Pacinian corpuscle, x 100. 
(Klein and Noble Smith.) 


the fingers and toes. They are 



Fio. 2G5 — A touch-corpuscle from the 
skin of the human hand, stained 
with gold chloride. 



Flo 268 — Fiid-bulb of Krause «, Med- 
ullated nerve-libro; b, capsule of 
corpuscle. 



c 


Fig. 267. — Papilla from the skin of the hand, freed from the cuticle and exhibiting Meissner’s corpuscles. 
Papilla treated with acetic acid; a, cortical layer with cells and tine elastic filaments; h, 
tactile corpuscle with transverse nuclei; c, ontering nerve; d and e, nerve-fibres winding round 
the corpuscle. X 850. (Kolliker.) 

oblong, about ^ w ii^ch long, and inch broad ; each is composed 
of cells cut off originally from the lower layer of the epidermis, 
and surrounded by a connective-tissue sheath. They do not occur 
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in all the papillae of the parts where they are found, and, as a rule, 
in the papillae in which they are present there are no blood-vessels. 
The nerve winds round the corpuscle before it enters (fig. 267), 




Fio. 268.— Termination of modullatcd 
iiorvc-libres in tendon near tlio rnu-s- 
cnlar insertion. (Golgi.) 



Kio. 269.— One of the reticulated end-platos 
of llg. 268, more highly magnifled. a, 
Medullated nerve-tibro; b, reticulated 
end-plate. (Golgi.) 


then loses its medullary sheath ; its axis-cylinder branches, and the 
branches terminate witliin the corpuscle. 

Hairs are important organs of touch, particularly in tlie whiskers 
of the carnivora. Here a nerve network surrounds tlie base of the 
hair. 

Sensory Nerve-endings in Muscle. — The nerve-endings in 



Fig. 270.— Neuro-inuscular spindle, c., Capsule; n.tr., nerve trunk; m.n.h., motor nerve bundle, 
pl.e., plate-ending; pr.e., primary nerve-ending; s.e., secondary ending. (After Rufflni.) 


muscle are not only concerned with conscious sensation but also 
with the reflex maintenance of posture and equilibrium. 

They have now been differentiated into four distinct groups : — 

1. The “flower-spray” endings on the muscle-spindles. These 

look very as pictured in figs. 268 and 2G9. 

They are length-recorders. 

2. The annulo-spiral fibres also on the muscle-spindles. They 
are also length-recorders, but have a higher threshold and therefore 
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These record absolute stretch, 



give off impulses only on very severe tenaniis — or very severe 
stretch. 

3. The tendon organs of Kuffini. 
not rate of stretch. 

4. The nerve-endings in the fascia. 

These endings are differentiated from muscle plates by their 
degenerating when the posterior roots are cut (Sherrington). 

Merkel Cells. — In some cases the nerve- 
fibrils within a stratified epithelium end in 
crescntic expansions (tactile discs) which are 
api)lied to the deeper epithelium cells. These 
? . are found in the skin of the pig’s snout. 

Free nerve-endings also exist in the 
' skin and are considered to be responsible for 
pain largely because the cornea of the eye, 
wliicih has free nerve-endings only, appears 
to a[)preciate little else than pain. There is 
evidence, however, that pain may be caused 
])y the stimulation of other nerve-endings also. 

In addition to the special end-organs, 
sensory fibres may terminate in plexuses 
of fibrils, as in the sub-epithelial and the 
intra-cpithclial plexus of the cornea (fig. 271), 
and around the hair follicles in the skin 
generally. 

Woollard has described unmyelinated 
nerve plexuses as occurring in the skin and 
many organs. They are probably concerned 
with diffuse pain. 





Flo, 271. — V^ertical .soction of 
rabbit’s cornea, stained 
with goM eblorido. Tlie 
nerves, n, terminate in a 
plexus under and witbin 
tlie epitlielial layer, e. 


d 'll 


i)f the embryo. 


The Special Senses. 

It must be realised that the eye and the 
ear, etc., are essentially highly specialised 
nerve-endings which, like those of the skin, 
are developed from the ectoderm or outer layer 
Tlie details of their structure are considered later. 


Cutaneous Sensations. 

The surface of the skin is a mosaic of tiny sensorial areas; these 
areas are not set edge to edge as in the retina, but are separated 
by relatively wide intervals which are not sensitive to stimuli just 
above liminal intensity. If the stimuli are made nearly minimal, 
the individual fields are reduced to small spots. Each of these spots 
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subserves a specific sense, touch, cold, heat or pain, and each 
doubtless coincides with tlie site of some special end-organ, placed 
either singly or in clusters. The touch spots,” “cold spots,” 
“heat spots,” and “pain spots” are intercommingled. In some 
districts one variety predominates, in others another. “ Pain spots ” 
are the most and “heat spots” the least numerous. It is a 
matter of common experience that the sensitiveness of these varieties 
of cutaneous sensation differs in different parts of the body. The 
tip of the finger, which is very sensitive to the true tactile 
sense (sense of pressure or contact), is not nearly so sensitive to 
alterations of temperature as the forearm or cheek, to which a 
washerwoman generally holds her iron when forming a judgment 
of its temperature. Some parts are more sensitive to pain than 
others, and in the cornea we have a surface in which “pain spots” 
alone are present. 

For the more accurate exploration of the skin, cesthesiometers of 
various kinds have been invented. The sense of pressure may be 
estimated by the ability of the skin to distinguish different weights 
placed upon it; there must be no lifting of the weight, or the 
motorial sense is brought into play. The fraction which by Weber’s 
law represents the differential threshold (see p. 732) varies from 
3 V to more than different parts of the body. It does not, 

however, follow that the acuteness of the pressure sense varies 
exactly as the al)ility of accurately localising sensations ; for instance, 
the skin of the forearm is as sensitive to pressure changes as that 
of the palm ; and the tip of the tongue, which is the most discrimi- 
native region of the body for locality, is not so for pressure. For 
pressure stimuli which arc near the limen or threshold of sensa- 
tion, the hair a3sthesiometer is much used ; this is a hair suitably 
mounted in a holder; the hair can then be shifted backwards or 
forwards in the holder, and the amount of pressure it exercises can 
thus be varied. It is used for the exploration of “touch spots,” and 
these are found most numerously around the hair follicles. The 
touch spots are more numerous in some parts than in others, but 
fifteen for each square centimetre of skin are a rough average. To 
explore “ pain spots ” a stout hair or needle is used ; in the latter 
case the needle shifts up and down in the holder, and works 
against a spring which registers the amount of pressure exerted to 
evoke a painful sensation. The sensation evoked by a “ pain spot ” 
is unaccompanied by “ cold ” or “ heat,” even if a cold or hot 
needle is used. For the exploration of “ heat spots ” a small, hollow, 
metallic pencil is kept warm by a stream of warm water ; this is 
moved over the surface ; at the site of the “ heat spots ” the pencil 
will feel peculiarly warmer. “ Cold spots’ ’ can be similarly mapped 
out by the use of a cold pencil. The next figure (fig. 272) 
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shows the distrihution of hot and cold spots on the back of the 
left hand. Certain drugs if applied locally, e.g. menthol, stimulate 
the cold spots only. 

All these facts clearly indicate that different varieties of sensation 
are the result of the stimulation of different end-organs, and that the 
impulses are conveyed to the central nervous system by different 
groups of nerve-fibres ; they moreover form the clearest piece of 
evidence we have that pain is a distinct kind of sensation. 

The question is more difficult to answer, which particular eml- 
organ is concerned with each variety of sensation. There is, 
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Fig. 272.— Heat and cold spots on a sq. cm. of tlio back of the hand. 

(Somewhat enlarged. After Donaldson.) 

The black dots represent cold spots, their size indicating the strength of the reaction ; the circles 
represent hot spots. 


however, little doubt that the iierve-fihrils around the hair follicles 
of the short hairs are the terminations most affected by changes of 
pressure, and also that Meissner’s corpuscles are purely tactual, 
taking the place of hairs in hairless parts. In the palmar surface 
of the last phalanx of the index finger, there are 21 Meissner’s 
corpuscles per square centimetre; in other parts of the palm and 
sole the number varies from 2 to 8. End-bulbs are believed to be 
the organs for cold ; they are most numerous in the conjunctiva and 
glans penis, where “ cold spots ” are almost exclusively present. The 
end-organs in “heat spots” have not been identified with certainty, 
but they are probably larger, and placed deeply in the skin. The 
corpuscles of Euffini and Golgi-Mazzoni are considered to be 
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concerned with the appreciation of warmth. They are correlated 
with the warm spots. 

As compared with the sensation obtained from pain spots, touch 
is quicker in both development and subsidence. Thus vibrations of 
strings are recognisable as such by the finger, even at a frequency 
of 1500 vibrations per second. A revolving wheel with toothed edge 
gives a sensation of smoothness when the teeth meet the skin at the 
rate of from 480 to 640 per second. 
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CHAPTER LIT 


SENSATION 

In discussing the general functions of a nervous system we have 
noted that it is concerned with the collection of impulses due to 
stimuli which arise in the environment of the individual and from 
various parts of the body. A certain number of these impulses 
roach consciousness and give rise to sensations. 

All sensations experienced normally depend on the stimulation 
by an appropriate stimulus of nerve-endings which are adapted to 
receive certain kinds of stimuli or to appreciate a special quality of 
the environment. These nerve-endings have, for the special stimulus 
for which they are adapted, a lower threshold than have the nerve- 
libres themselves, and make it possible for a nerve impulse to be set 
up by a degree of stimulation which would not otherwise bo effective. 
For example, a degree of pressure which would not affect the ulnar 
nerve (the “ funny bone ” of the elbow) will cause a sensation of touch 
if applied to the nerve'-endings of that nerve in the little finger. 

Nerve-endings have been developed for the appreciation of a 
largo variety of stimuli, e,g. light and colour, sound, smell, pressure. 
It is convenient to leave the detailed study of these to later chapters, 
since in some instances, e.g. the ear and the eye, the specialised 
nerve-ending has become much elaborated. 

The stimuli must not only have a special quality but must be of 
adequate strength. Too light a touch, too faint a sound, will produce 
no effect on consciousness. That strength of stimulus which just 
suffices to evoke a sensation is called the liminal (from limen, a 
threshold) * value of the stimulus, or its absolute threshold. 

Similarly, the difference between two stimuli must not fall below 
a certain minimum in order that that difference may be appreciated. 
If two musical tones are of too nearly identical pitch, if two colours 
are of too nearly identical hue, the difference may be imperceptible. 
There is, therefore, a liminal value for a stimulus difference. This 
is known as the differential threshold of the stimulus. 

* Strictly speaking, the liminal value is that strength of stimulus which, in a 
series of trials, as often just fails as it just succeeds in evoking a sensation. 

781 
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Weber’s law states that the just appreciable difference between 
two stimuli depends on the ratio of that difference to their magni- 
tudes, and not on the absolute difference between their magnitudes. 
Fechner, after bringing forward further evidence in favour of the 
law, endeavoured to deduce from it the conclusion that the strength 
of a sensation is proportional to the logarithm of its stimulus ; in 
other words, that the stimulus must increase in geometrical pro- 
portion for the sensation to increase in arithmetical proportion. 
Fcchner’s interpretation of Weber’s law is, however, open to serious 
criticism, into which we cannot enter here. 

Weber’s law is but an expression of everyday experience. A 
rushlight will brighten a dark cellar, but its presence is unfelt in 
sunshine. So, too, if a room be lighted by 100 candles, and if one 
candle more l)e brought in, the increased illumination produced by 
the extra candle would be just perceptible to the eye. But if a 
room were lighted by 1000 candles, no appreciable difference would 
result from the introduction of an extra candle. Ten candles would 
have to be introduced, in order to effect a just noticeable difference. 
In each case a difference of one-hundredth of the original strength 
of stimulus is needful to cause a just appreciable difference in the 
sensation ; and this is in accordance with Weber’s law. 

For light, the fraction is about t-J-q-; for noise, it is about J; for 
cutaneous pressure, it varies between iV i weight, between 

7V and in various parts of the body. 

A sensation requires an appreciable time for its development. 
Part of this time is spent at the end-organ on which the stimulus 
acts, part in conveying the nervous impulse along the sensory nerve 
to the brain, and part within the brain itself. This latent period 
varies in length according to the sensation ; e.g.^ it is longer for sight 
than for sound, and longer for pain than for touch. 

The sensation outlasts its stimulus. Such after-sensations are 
particularly noticeable in the case of sight. We know, also, that 
unless the eye is stimulated for a sufficient length of time we do 
not see objects or movements. 

The Impulse. — The evidence appears now to be complete that 
the nerve impulse is identical in n^ure in all nerves. The impulse 
set up in the optic nerve by light is\he same as that set up in the 
auditory nerve by sound. The impulses, however, may follow each 
other at very different rates. 

Adrian, Mathews, Bronk, Rijlant and others recorded by means 
of wireless valve amplifiers and an oscillometer the action currents 
of many afferent nerves, and it has been found that this difference 
in the number of impulses set up in afferent nerves in a given time 
may be considerable. The frequency and duration of the responses 
are different from different regions. 
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The Muscles. — The investigations, particularly of Mathews, 
tend to sliow tliat there are characteristics of discliarge corre- 
sponding to the four classes of nerve-endings already described. 
An interesting point is the fact that the impulses from the muscle- 
spindles cease when the muscle contracts. 

A single sense-organ in a muscle has been found to set up 
impulses with a frequency of 30 per second. This has been 
discovered by using the sternocutaneous muscle of the frog, and 
by successively cutting off fibres to leave only one muscle-spindle. 
There is an increase in the frequcuicy of the impulses with the 
logarithm of the load and frefpiencies from 5 to 500 have been 
recorded. An interestiiig phenomenon is that of adaptation, in 
which it is found that if a stimulus is continued, impulses are no 





Flu. 278 — Itecord of cuiieiit of actions from an aOcront fibre fiom a muscle. At the arrow tension was 
placed on tlie muscle. Note the bui.st of impulses with some adaptation— which, however, is never 
complete— as shown by the continuance of the iinimlsos. (Dawson ) 


longer set up in the nerve. This is well shown in fig. 273. Thus 
is explained why a needle hurts while it is being inserted into the 
skin but not after it is in. This adaptation appears to depend 
on the end-organs concerned. Tn some, such as those of the skin, 
or I’accinian corpuscles, adaptation occurs rapidly, while in the 
nerve-endings of muscle it is very slow, a fact which no doubt 
[lermits the muscle when subjected to prolonged stretching to send 
out the impulses so important in posture. 

Intermittent stimulation, as might be expected, reduces adapta- 
tion. For example, although the response for a single blast of 
air on the skin is over in 1 second, intermittency not exceeding 
200 per second will maintain burst of impulses at that rate. This is 
important in relation to the importance of air movement in 
ventilation. 

Adaptation plays a part as important in cutaneous as in other sensations. The 
same room feels warm to a man who enters it from the street, and cold to another 
who has been in a conservatory. Herring calls the point of adaptation to tempera- 
ture “the physiological zero.’ Thus the temperature of the mouth and the lips 
may actually differ by several degrees, yet neither of them will feel hot or cold 
because each is at the physiological zero temperature. Sensations of warmth or 
cold arise when the physiological zero is altered : they persist until a new zero is 
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formed; according to Rivers and Head, adaptation to temperature is impossible 
when epicritic sensibility is absent. So, too, heavy weights feel unduly heavy after 
light weights, and vies versa. When false teeth are first worn, their contact is well- 
nigh unbearable ; yet later, through adaptation, the discomfort vanishes. 

The difference in sensation recognised by the individual must be 
due to the “ analysers ” in the central nervous system. The impulses 
reaching certain analysers, such as those of sight, are interpreted as 
light however the impulse is set up. This was termed by Muller 
“ The Law of Specific Nerve Energies** The term energy is a bad one, 
and is not used in a modern physical sense, but the law simply means 
that a nerve of special sense, however excited, gives rise to its own 
peculiar sensation. However the retina or optic nerve is stimulated 
light is a})preciated. Mechanical, chemical, or electrical stimulation 
of the chorda tympani causes a sensation of taste. These experiments 
have been carried out during surgical operations made for other 
reasons. 

Pain. — The exact nature of pain is of special interest as it is 
such a common symptom in disease. As we have seen, special pain 
spots exist, and in certain regions, e.g. the cornea, ])ain is the only 
sensation present. At the same time it is ditlicult to imagine, as 
pointed out by Herring, tliat all pain is the result of the stimulation 
of special cmlings, for in some regions, e.g. the bile duct, ^jain may 
never arise as a normal sensation. On investigation of the im])ulses 
which are set up, no dilference in frequency can be found, but the 
burst of impulses set uj) by pricking the pad of a cat’s foot lasts 
longer than that of merely touching the skin with the needle. It 
is suggested, therefore, that })ain may be brought about by a large 
number of impulses reaching the central nervous system although 
on the surface of the body special receptors may also be used. 

The impulse when set up passes into the central nervous system 
by means of afferent nerves. In the case of the cranial nerves, 
some are wholly sensory. In the case of the trunk and limbs, the 
impulses pass along fibres which become incorporated in mixed 
nerves and pass into the spinal cord by way of the posterior 
roots. Some of the impulses bring about, as we have seen, reflex 
movements, and may never reach consciousness, e.g. the impulse set 
up by slight pinching of the finger during sleep. The majority 
of the stimuli, however, during the waking hours and even during 
sleep, are strong, and the impulses which they generate pass up the 
spinal cord to the brain (see Afferent Pathways). 

Classification of General Sensation. 

Sensation may be conveniently divided into Special Sensation 
and General Sensation. Tlie former is that which is ap])reeiated 
by highly specialised nerve-endings localised in certain parts 
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of the body, e.g. the nose, ear, eye, tongue. The latter is not so 
confined. 

General sensation is that felt by the body generally ; it may be 
superficial, i.e. that from the skin, and deep, i.e. that from the 
underlying structures. If the nerves to the skin are cut, deep 
sensation remains. Superficial sensation includes touch, pain, and 
temperature. Deep sensation refers to the appreciation of pressure 
(as distinct from touch), of movement or pain in muscles and joints. 
The fibres subserving this sense run with the muscular nerves, and 
accompany blood-vessels. 

Both superficial and deep sensations have been subdivided further 
according to their fundamental nature. 

Our knowledge of this su])ject owes much to the pioneer work 
of Head who cut one of the nerves in his own arm, and, in 
conjunction with Eivers, noted accurately the date and other 
particulars of return of function. The first sensations returned 
about the eightieth day after the operation; they are termed by 
him protopathic. Protopathic sensibility depends on definite specific 
end-organs distributed over the skin as sensory “ spots,” viz., heat, 
cold, and pain spots. When this sensibility is alone present, the 
spaces between these spots are insensitive to cutaneous stimuli; 
the heat spots react only to temperatures above 37'" C., the cold 
only to temperatures below 26° C. ; the sensation radiates widely, 
and is often wrongly localised. The tactile sensations of the 
skin, the intermediate temperature sensations, the power to localise 
them accurately, the sensibility of the spaces between the spots, 
and a more refined sensibility to pain, return much later, and 
this epicritic sensibility is not perfect until many months after 
regeneration has started. It is not known whether protopathic 
and epicritic impulses are subserved by the same or by different 
nerve-fibres. 

Stopford has investigated deep sensibility and has found 
that, like cutaneous sensibility, it returns in two stages after 
division and suture of a peripheral nerve. A first stage consists 
of the recovery of the ability to appreciate a pressure contact and 
the pain induced by excessive pressure, and a second stage is demon- 
strated by the return of the power to localise accurately a pressure 
stimulus and recognise the position and passive movement of a 
joint. Stopford points out that the elements of sensation included by 
Head under the term protopathic sensibility and those of stage one 
in deep sensibility are fundamentally protective in function and 
make their appeal to the thalamus which we know is capable of 
appreciating crude sensation; whilst those in epicritic sensibility 
and stage two of deep sensibility include the higher and dis- 
criminative aspects of sensation which are dependent upon the 
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sensory cortex. In consequence he suggests the following division 
of sensation — 


A protective system, composed of 
the protective elements of sensation, 
in which recovery occurs early and 
is more complete, after suture of a 
peripheral nerve. 


A discriminative system, composed 
of the discriminative elements of 
sensation, in wliich recovery occurs 
at a later time and is less comjdete. 


^ Concerned with the recognition of: — 

(а) Pain (whether induced by prick 

or excessive pressure). 

(б) Extremes of temperature. 

(c) Tactile pressure. 

' Concerned with the power of : — 

(а) Tactile Localisation. 

(б) Tactile Discrimination. 

(c) Recognising position and passive 

1 movement. 

Recognition of fine dilFerences of 
temperature. 

Appreciation of the lightest touch. 


Such a subdivision of sensation is supported by researches in 
comparative anatomy and is in accord with our knowledge of the 
evolution of tlie nervous system. We have already observed that 
protective reflexes take precedence over those more recently acquired 
and that they do not depend on the cortex. (See the Plantar Keflex.) 

Nevertheless, divisions of sensation such as those advanced by 
Head and Stopford have been criticised by a number of observers 
who have made liuman experiments, such as Trotter and Davies, 
who divided as many as seven of their cutaneous nerves, and 
P>oring who severed only a small branch of a nerve. Later, Sharpey- 
Schafer has contrasted by experiments on himself the recovery after 
division and crushing of corresponding peripheral nerves (posterior 
branch of the internal cutaneous nerve of each arm). The nerve 
severely crushed recovered much more rapidly than that cut. He 
also emphasises the occurrence of a stage, hypersestliesia or excessive 
sensibility to pain, which accompanies the feeling of numbness 
and lessened sensibility to toucli, warmth, and cold. Similar 
hypersesthesia has been noticed by most other observers at the 
edge of any paralysed area. Sharpey - Schafer suggests that the 
term “ protopath ic ” is nothing more or less than pain, and that 
the hypersesthesia is probably caused by the growing parts of 
the nerve-fibres which subserve pain being hypersensitive. These 
correspond to the protective system of Stopford. 

Whilst it is not wise as yet to be dogmatic in regard to the 
division of sensation, it does appear that the evidence from both 
clinical experience and comparative anatomy supports strongly the 
main views of Head and Stopford, and their conclusions do seem to 
explain the facts. 

Stopford has given us a convenient view of sensation as a whole. 
He points out that at first there is evolved a crude mechanism for 
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protection against a harinfnl environment; later on, better percep- 
tion and ] 30 \vers of discrimination are developed. These functions 
are intimately related to tlio acquisition of bcitter motor control 
and visioji, and, later still, with the expansion of the (iorebrum an 
increasing understanding of tactile perca^ption is created. It must 
however bo understood that each higher stage overlaps, reacts upon, 
and modifies the lower one. 

Druffs . — Cocaine applied locally depresses all forms of cutaneous sensibility, 
but especially the true tactile sense ; carbolic acid acts similarly but less strongly. 
Chloroform produces a temporary burning sensation, and then blunts sensibility, 
especially to temperature changes. Menthol produces a feeling of loc.il cold because 
it first causes hyperaisthesia of the end-organs for cold ; this is followeil by a depres- 
sion of the activity of these organs, together with that of those subserving other 
forms of cutaneous sensation. 
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TllK SENSORY RATI I WAYS 

Grouping in the Spinal Cord. — Wlicn the im})iilses underlying 
seuKation reach the spinal cord by way of the posterior roots (see 
p. 7d4), they are sorted out according to their nature and are carried 
up tlie cord by bundles of fibres, each bundle being responsible for a 
particular sensation. Lhese bundles are known as the sensory tracts 
of the cord, which wo must now consider. With the exception of 
the posterior columns of Goll and Burdacli, which we have seen are 
composed of axons of cells in the posterior ganglion, the ascending 
tracts are the axons of cells in the neighbourhood of the posterior 
horn {substantia gdatinosa of Eolando and Clarke’s column). 

Muscle and Joint Sense. — Ey tliis sense we become aware of 
movement and of the position of the limbs. The efficiency of this 
sense can be gauged by the power of the individual to place one 
liml) in exactly the same i)Osition as the other although the eyes 
are closed. Muscle sense depends on the degree of compression of 
the sensory nerve-endings or muscle spindles in the muscles and 
the analogous endings in tendons. Through this sense not only 
do we become aware of muscular movement, but also by the help 
of related associations we estimate weight. The appreciation of 
weight does not depend on inij)ulses of cutaneous origin, since it is 
retained in an individual whose skin has been rendered insensitive 
by cocaine or by disease. 

We have already remarked in relation to the cerebellum that 
all the impulses which arise in the muscle do not reach conscious- 
ness. Those whicli are concerned with posture and equilibrium 
pass up in the cerebellar tracts to the pons, mid-brain, and 
cerebellum. 

The impulses which do reach consciousness pass into the central 
nervous system by the posterior nerve-roots and pass at once via 
the columns of Goll and Burdach in the posterior part of the cord 
of the same side, to the nucleus gracilis and nucleus cuneatus in the 
medulla. Thence they are relayed by other neurones to the thalamus 
of the opposite side, the actual crossing taking place at the decussation 
of the fillet in the upper part of the medulla. 

741 
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Vibratory sensation, i.c., appreciation of vibrations such as 
those of a tuning-fork, has a similar pathway. The receptors appear 
to bo situated in the bones. 

Touch. — Idle nerve-endings concerned with toucli appear to be 
the Meissner’s eor])Uscles in tlie skin, and the I^acinian l)odies for 
dee])er sensation. The impulses of tactile discrimination, i.e., the 
power of the individual to distinguish between adjacent points on 
the body surface, travel up on the same side of the cord in the 
pos tender columns with the impulses of muscle and joint smise. 

The impulses of tactile localisation, or power of localising a 
touch, on the other hand pass up the posterior columns, but after a 
few segments cross to the opposite side to occupy the anterior parts 
of the spino- thalamic tracts close to the fd)res carrying impulses of 
temperature and pain. 

idle impulses of light touch, tactile sensibility, have ,‘i double 
pathway, some going with the impulses of discrimination, and some 
with those of localisation. In the mid-brain the bundles carrying 
the various forms of touch become somewhat separated, and a lesion 
may affect one variety without affecting the others. 

Temperature and Pain. — The impulse in each instance begins 
at the nerve-ending. 

There is evidence that the end-bulbs of Krause are responsible for sensation of 
cold, but the endings responsible for pain are probably varied. In the skin it seems 
that the free nerve-endings perform this function, since in the cornea of the eye, 
where only such endings exist, pain only is appreciated. Pain from the internal 
organs is more difficult, since, as pointed out by Herring, it is, for example, difficult 
to imagine that nature should provide a special nerve-ending for pain in the ureter, 
where it may never be reejuired. It seems probable that other forms of nerve- 
ending may be concerned. The organs for heat are uncertain. 

The impulses are conveyed by the posterior root-fibres to the 
central nervous system, where they jiass almost immediately to 
the more posterior part of the spino-thalamic tract of the other 
■side of the cord. We know this largely from studying the disease 
syringomyelia, in which there is an enlargement of the central canal 
of the cord, due to degeneration of the surrounding nerve-tissue; 
the morbid process cuts across the decussating fibres and there results 
loss of tactile localisation and of sensations of pain, heat, and cold in 
the segments in the neighbourhood of the lesion, although tactile 
discrimination is unaffected (dissociated anaesthesia). In this con- 
dition, severe injury, such as burning of the lingers with a cigarette, 
may occur unknown to the patient. He may not let the cigarette 
droj) as his muscle sense and tactile discrimination may be normal. 

It must bo understood that this consideration of the pathways 
for pain and temperature together is merely one of convenience. 
The impulses conveying the sensations are carried by different 
bundles, as is seen by the fact that certain lesions of the cord may 
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aliolisli, for cxamplo, licat, and leave cold nnaffected. Cutaneous 
and (l(H3p pain may also not be affected together, but this is probably 
explained by the fact that the subserving fibres do not enter by the 
same spinal roots. 

The Thalamus. 

Eventually all the impulses of general sensation reach the ventral 
nuchn of the thalamus where tliey are felt indistinctly, but from 
which they are sorUid out again and are distributed by way of the 
posterior part of the posterior limb of the internal capsule to the 
sensory area of the cerebral cortex. 

The thalamus informs us if a body is hot or cold, but cannot 
differentiate more accurately between finer differences of temperature, 
nor can it tell the size or shape of an object. Similarly, the thalamus 
can appi'eciate only crude pain, which it cannot localise. 

In cases of rupture of the thalamogeniculate artery which 
destroys the posterior thii’d of the ventral nuclei there may be 
transient disturbance of cutaneous sensation and on the opposite 
side a permanent loss of deep sensibility. 

The thalamus is also intimately connected with the various parts 
of the hypothalamus and corpus striatum (Lc Gros Clark.). 

The lateral ventral nuclei receive fibres from the cerebellum and 
transmits to areas 4 and 6 of the cortex. 

It is possible by injecting strychnine into the thalamus (Dusser 
de Earenne) to demonstrate topical localisation in the thalamus. 

The Significance of Sensation. 

It is an important physiological truth that the significance of any 
given sensation to any individual depends on the circumstances in 
which it is experienced or in which a similar sensation has been 
experienced in the past. This is simply demonstrated in the old 
experiment of Aristotle. If a pencil be placed between the crossed 
fore and middle lingers there is a sensation of touching two 
objects. The pencil is touched by two surfaces, which, under 
ordinary conditions, could only be touched by two separate objects, 
and in the light of past experience we conclude that two objects 
have been touched, regardless of the fact that the fingers are crossed. 
Many other errors of judgment depend on similar past experience. 

We may assume that minute areas of the body surface have 
each their local sigyi, i.e. the sensation arising from stimulation of 
one area differs in some obscure quality from the sensations arising 
from stimulation of neighbouring areas, thereby acquiring its own 
spatial colouring which enables us to identify the area when 
stimulated. Ttie difference of local sign between two near points 
may be imperceptible in v one region of the body, but fully 
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recogiiisaltle in another. A^ain, the delieaey of the sense of toiKih 
may ho veiy niinhi incrcNised by praetiee. A famdiar illustration is 
seen in l)liiid people, who, by eonstant ])ractice, can acquire the 
power of reading raised letters, the forms of which are almost if not 
quite undistinguishable by the sense of touch to an ordinary person. 

The extent to which two points of a pair of compasses can bo 
discriminated varies appreciably in dilTerent parts of tlie body 
(Weber). A few results are as follow: — 


Tip of tongue ..... . ,’t-inch 1 mm. 

Itilmar .siufrU'c of third plialanx of forefinger . ,‘5 ,, 2 

Palmar surfaec of sei'oiul plialanges of fingers . ,, 4 ,, 

Palm of hand . . . . . . A 10 ,, 

JOorsal surface of first phalanges of fingi'rs . . ,, 11 

Ba<‘k of hand . . . . . If, 25 

Upper and lower ji. iris of forearm . . • I 2 '57 ,, 

Middle of thigh and back . . . . . 2 ^ ,, 02 ,, 


In tlui skin of the limbs, it is found that before tliey are rticognised as 
two, th(5 ])oints have to bo further separated when the line joining them 
is in the long axis of the limb, than when in the transverse direction. 

The dilforont delicacy of local signature jiossessed by different 
parts may give rise to errors of Judgnumt in estimating the distance 
between two points where the skin is touched. Thus, if the Idimted 
points of a pair of compasses (maintained at a constant distance 
apart) are slowly drawn over the skin of the cheek towards the lips, 
it is almost impossible to resist the conclusion that the distance 
between the points is gradually increasing. When they reach the 
lips they seem to be considerably further apart than on the cheek. 
Then, too, our estimate of the size of a cavity in a tooth is usually 
exaggerated when based upon sensfitions derived from the tongue alone. 

When, as occurs under certain conditions, an object is adjudged 
different from what general experience teaches us to be its “real” 
character, wo have fin illusion. Thus a line or figure may appear to 
be longer or shorter than it really is, or to take a direction dilferent 
from its real direction. Or a weight may appear heavier than 
another whicli is really equal to it. Illusions are due partly to 
pori]3heral, partly to central factors. ''Jdieir investigation falls within 
the province of experimental psychology. 

Similarly, it will be renuunbered that our estimations of size are 
commonly dependent on experience. We presume, for example, 
that lanq)-posts do not change in size in the same street. A drawing 
of a street, therefore, in which the perspective is wrong in relation to 
the bimp-posts may give a completely erroneous idea of relative sizes. 

The significance of a sensation also may depend on immediately 
previous sensation. For example, water at 30" C. is hot to a hand 
which has previously been in ice-cold water but is cold to a hand 
which has been in water at 50° C. 

2 A 2 
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A stimulus wliicli certainly will set iij) an impulse which reaches 
consciousness normally may, in certain circumstances, not do so. 
Injuries received in excithig games are often not appreciated at the 
time of the injury. Still more interestuig, from the medical stand- 
point, is the fact that in hysteria an individual may be convinced 
that slie cannot feel in a certain part of the body and gives no 
reaction to a severe stimulus to the part. Ihirely psychical treat- 
ment causes recovery. Similarly, a kiss from a mother may make 
better in a cl did a hurt which by adult standards must be quite 
painful. All these facts point to the importance of the conscious 
clement in sensation and are also of first importance in relation to 
the appreci.ation of pain. 

It is evident that the impulses which pass up certain paths have 
a certain significance. This we have already referred to in relation 
to reflexes. For example, an individual who has had a leg amputated 
may experience pain in the limb that is off if the nerve-fibres which 
formerly supplied the leg are stimulated through involvement of 
their cut ends in the scar. 

Referred pain is an analogous phenomenon. Thus pain, the 
impulses of which are transmitted by the sixth dorsal root is referred 
to that part of the body from which we have had previous sensory 
experiences, namely the shoulder-blade, although in reality it may 
arise from the passage of a gall-stone down the bile-duct. Each 
spinal nerve contains afferent fibres from an internal organ as well 
as from the skin and errors in the situation of a disease on the 
part of the patient may readily occur. Commonly, however, as soon 
as the patient realises that pressure with the hand in a certain 
region elicits the pain, the latter is no longer referred to a 
superficial area but to the organ lying underneath. 

Conditioned pain.* — Any movement which in the past has 
been associated with a painful stimulus, may cause a reaction like 
that of the painful stimulus. A threatened pin-prick may cause 
a reaction, e.g. of the circulation, like that of an actual pin-prick. 
(See Vasomotor Reactions.) 

It looks as if a process of “ conditioning was possible in relation 
to- sensation since every sensation may acquire a significance which 
may boar little or no relation to the elementary quality of the 
sensation. The subject is closely related to “conditioned reflexes” 
but has been little investigated. 

These facts are of great importance in disease. For example, 
pain on movement may have been associated with an injury, 
but the movement may continue to cause pain long after the 
injury has been recovered from. This state is seen also in 
pet animals. 

* So far as the author is aware this terra has not been used elsewhere. 
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Hyperalgesia and the Nocifensor System. 

It has ])ocu p()iiit(3(l out hy Iv(;vvis that wlion the skin is pinclied 
in a few minutes tluu-e develops around the point an area of hy})er- 
al^esia or local tenderness of the skin associated often with a slight 
sensation of burning. Ho put forward much evidence that the fibres 
concerned belong to a peripheral arborisation of postei’ior root-fibres 
which differ from those of pain. Such arborisations have been found 
to overlap very a])pre(iiabiy but the hyperasthesia is distributed in 
the area of a peri[)heral nerve distribution. It is argued that the 
fibres are different from those of pain h(H3ause piiin sensation 
disappears sooner than the hyj)eralgesia if the arec. is asphyxiated 
and particular!}^ ])eeause pain sioisations arc necessarily more 
localised than the hyperalgesia which is diffuse. 

Visceral Sensations. 

Accurate and discriminative sensilulity of varying nature is a 
special characteristic of the cutaneous area. Loss elaborate sensibility 
is found in other parts also, hut in most internal structures of the 
body it is limited to pain. The (esophagus and anal canal alone seem 
to be endowed with the temperature sense; the heelings of warmth 
and cold on swallowing lupiids of different temperatures are entirely 
referable to the u])per portion of the alimentary canal. Hurst’s 
experiments place this beyond ({uesti(.)n; immediately the food has 
passed into the stomach we are unaware of its temperature except 
by the warming or cooling of the neighbouring portion of the gullet, 
or the skin overlying the viscera. 

Pain is the most wich^ly distributed sense in the body, but in 
internal organs is not localised accurately, and it is here that the 
“referred pains” in corresponding skin areas (see p. 746) are useful 
for diagnostic purposes. Pain, however, is not produced in the 
viscera by handling or even by cutting or burning: it appears to be 
associateti with excessive action, stretching, and with inflammatory 
conditions which involve the sensitive jntrietal layer of the peri- 
toneum. Inflammation of the serous membranes is an exceedingly 
painful condition — for instance, in pleurisy and peritonitis — but tliis 
condition, per sc, does not apparently cause any referred pain or 
tenderness in cutaneous areas. In connection with the question of 
referred pain, wo must mention the pathological condition known 
as alloclieiria ; when the skin sensations in any given area are 
depressed, stimulation of that area may give rise to sensations which 
are referred to the corresponding area on the other side of the body ; 
it appears to be a general rule, as Head first pointed out, that the 
mind projects sensations arising from an area of low sensibility to 
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that area of liiglier Rensihility which is related to it most closely by 
connections within the central nervous system, and this underlies the 
causation of rehnred visceral pains, and of alloeheiria. 

There are, however, special kinds of sensation arising from 
internal viscera wliich liave no counterpart in tlie sensatioins of the 
cutaneous surface. Of these, hunger and thirst are the most familiar. 


Hunger. 

When slight, hunger is termed appetite, and there is some cliffer- 
ence of opinion wlicthcr the two are separate sensations, or only 
dilferent in degree. Ap])etite is referred to the stomach, and is 
a normal sensation, which arises at an interval after a meal, and 
as is well known it is intensified by muscular exertion, especially 
if the air is cool. It has been suggested that the oxidation processes 
which occur in the muscles produce some substance or substances 
wliich excite the sensory nerve-terminals in the stomach. In 
diabetes, where oxidation runs an unusual course, carbohydrates 
escape oxidation to a large extent, an intense appetite may be 
present in spite of abundant feeding. On the other hand, it has 
been pointed out that a low blood-sugar such Jis brought about 
by the injection of insulin causes intense hunger. 

Hunger is associated with motor activity of the stomach, which 
can be recorded from a swallowed balloon attached by means of 
a tube to a recorder (Carlson); these movements, and therefore the 
sensation of hunger, can be temporarily appeased liy filling the 
stomach even with indigestible or non-nutritious material. Carlson 
has shown that the movements are reflexly inhibited when food 
enters the mouth and is masticated ; the nerves of taste act as the 
afferent channel for the rc'.flex ; hence the feeling of hunger passes 
olf long before absorption of food begins. It may be assumed that 
the appeasing of the apjietite results in a reduction of gastric 
tone. 'Inhere is evidence that the sense of hunger may be related 
to the amount of the blood-sugar (Lawrence). Attention was 
drawn to this as])ect of the question by the fact that the injection 
of insulin which lowers the hlood-sugar causes a sensation of 
hunger which may almost amount to pain. At the same time there 
are liungor con traid ions. These are inhibited liy the intravenous 
injection of sugar (Ihilatao and Carlson). The subject has later been 
investigated by Poulton and his co-workers who have shown that 
the actual hunger pain occurs not when the stomach is (jontracting 
but when it is relaxed. His explanation is that there is during 
hunger a rise of tension in the stomach which compresses the 
nerve-endings. These, however, are relieved when the muscle- 
fibres take up the tension and prevent the compression. We 
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must, however, recognise that the gastric sense is a complex one, 
as is illustrated by the aversion for food felt during monotonous 
diets or after over-feeding, or when certain articles of diet are 
taken, or tlie cause of the absence of hunger after fasting for four 
days. These and many other points are not as yet understood. 

Thirst. 

Thirst is a sensation referred to the pharyngeal region rather than 
to the stomach, and appears, like hunger, to be a protective signal, 
locally excited to warn the living organism of the necessity for regu- 
larity in the intake of nutriment. Although its intensity increases 
with the loss of water from the body, leading to a lessening of the 
saliva secreted, probably as a result of a slight increase in the osmotic 
pressure of the blood, it occurs normally long before there is any 
serious upset of the normal ndationship of the water percentage 
of the tissues, ft is appeased immediately by the administration 
of fluid, and although lluids reach the absorbing surface of the 
duodenum sooner than was formerly supposed' to be the case, it is 
unquestionable that the relief of thirst is mainly the result of 
moistening the local surface, the impulses from which excite the 
sensation. Thirst may be produced by drying the throat artificially. 
This accounts for the thirst whi(di results from the taking of 
excessively salt or sweet articles of diet. Mere physical drying of 
the throat (Cannon’s '‘false thirst”) produces a similar sensation and 
is relieved by the lo(;al ap})lication of water without its necessarily 
being swallowed. A further ])roof of the local nature of thirst is seen 
in the fact that it is abolished by painting the back of the tongue 
with cocaine, a drug which paralyses nerves and nerve-endings. 
Thirst which is due to prolonged deprivation of water is not a mere 
local sensation, but is produced by loss of water in the tissues gener- 
ally, exciting widespread vsensory terminations therein; the bodily and 
mental anguish experienced are then of an intense character. 

The imiependence of the two sensations hunger and thirst is well 
illustrated in many diseases, where a loss of appetite occurs without 
any corresponding loss of desire for fluid. 
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THE PHYSIOLOGY OF CONSCIOUS STATES 

The conscious state is of threat <r(uieval inteiest and medical import- 
ance, but unfortunately we ar(i far from a clear understanding of 
its naturi?. 

Tt is sometimes argned that states of consciousness are the 
])roduct of the activity of nerve-cells, just as bile is the product of 
the activity of the liver-cell, or as contraction results from the 
activity of the muscle-hbre. Ihit this analogy will not bear close 
investigation. It is, however, true; — 

(1) That the dilTerent senses are dependent for tlieir manifesta- 
tion on the integrity of dillerent delinitely localisable areas of the 
cerebral cortex. 

(2) That such drugs as ahjohol, calleine, and chloroform, which 
have a known action on living substance, also adect the course of 
conscious processes. 

(3) That disease or malformation of the brain is accompanied by 
inqiairment or absence of intelligence. 

But because nervous substance is essential for tlie manifestation 
of conscious states, one cannot legitimately infer that this substance 
prodtices those states. Indeed, by a vast number of philosophers a 
very dillerent position has Ixum u])held. So far from believing that 
mind results from the activity of living matter, they have insisted 
that all matter, living and lifeh^ss, results from the activity of mind. 
They maintain that, were it not for mental activity, there would be 
no conception, nay not even existence, of those qualities {gjj., sound, 
colour, force, weight, hardness) of which our non-mental world of 
matter is composed. 

There is no dilliculty in accepting the statement that bile is 
secreted by the liver; in tliis case the product is physical, and it is 
produced by physiological (f 6., ])resumably, by chemical and physical) 
conditions. (Jn the other hand, if wo state that consciousness is 
secreted by the brain, we are linking together two sets of phenomena, 
the psychical and the physiological, between which a connection is 
inconceivable. 

Consequently, instead of stating that physiological activity is the 
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cause of mental (or psychical) activity, it is more satisfactory to 
assume that the two activities run parallel with one another, and 
to recognise that the nature of their relation is unknown. This 
conception of psycho-physical parallelism affords the physiologist by 
far the best working hypothesis. It leaves unanswered the great 
question whether brain ever acts on mind, or mind on the brain — 
which of the two is the master or the servant of the other. It 
merely implies that a change in nerve substance underlies every 
2 ^sychical change ; and it bids the physiologist investigate the 
functions of the nervous system, and determine what structures 
are called into activity in the development of various conscious 
states. 

We must recognise that, however completely we inay one day 
have mapped out the functions of the various parts of the brain, we 
shall nevertheless not have approached a step nearer towards under- 
standing the relation ])etweon the data of physiological and psychical 
activity. If we knew the function of every nerve-cell of the body, 
the gap between the material and the mental would not be a bit 
less wide. Just as a ray of light cannot see itself, so we cannot 
expect to understand consciousness from a more study of cerebral 
function. 

It is therefore imperative to avoid confusion between the two 
aspects involved in this psycho-physical parallelism. The psychical 
is one language, the physical {i.e. the physiological) is another; 
and the two vocabularies must be kept distinct from one another. 
Psychology and physiology stand in the relation of an object and 
its mirrored reflection. To confound object and image — to speak, for 
instance, of a sensation (instead of an impulse) being transmitted 
along a nerve-fibre — is to blur and to confuse two distinct 
sciences. 

The psychologist distinguishes three modes in which conscious- 
ness is manifested. These are (1) the cognitive, (2) the affective, 
and (3) the conative modes. Through the cognitive mode we become 
aware of the object thought of. Owing to the affective mode, our 
state of consciousness is toned with pleasure, indifference, or dis- 
pleasure. The conative mode manifests itself as a striving or “ felt 
tendency” towards an end. In every state of consciousness these 
three modes are present, but their relative prominence is always 
different. For example, in perception, in memory, or imagination, the 
cognitive element is to the fore; in love, sorrow, or doubt, the 
affective element predominates ; while in intense desire, the conative 
element is most easily recognisable. Into the physiology of affection 
and conation we shall not enter here. They 'receive adequate 
attention in books devoted to physiological and experimental 
psychology. 
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A conscious state implies also a contrast between what is 
outside of ourselves (the object) and our feelings and strivings in 
connection with it, which are spoken of as subjective. The existence 
of this “ sul)ject-o])jeot relation ” implies the activity of an lUgo, which 
exj)eriences conscious states, which is cognisant, feels or strives. 
Indeed no state of consciousness is ever possible, unless experienced 
by the Ego. In becoming manifest, it blends with the Ego, and is 
modified or rather determined by the Ego’s previous experiences; 
and in turn it modifies tlie Ego. ’.rims the Ego everlastingly moulds 
and is itself moulded by its own states of consciousness or 
ex]ooriences. Consequently, states of consciousness are not inde- 
pendent units. The mind, like its physiological correlate, the central 
nervous system, works as a single, unitary entity, despite its 
complex differentiation. 

iTom one aspect, “ states ” of consciousness is an inaccurate 
expression. The essential features of consciousness are its incessant 
change and its intimate relation to past and future consciousness; 
whereas tlie word state implies a period of rest and a certain isolation 
or independence. Save for this difficulty, it would be possible to 
regard a given state of consciousness as the cross-section of a stream 
wliich is always flowing. The simile may be deemed of value, in so 
far as it allows us to represent different levels of conscious states. 
At any moment, tliere is always part which is in the focus, or full 
glare of consciousness, and part of which wo are dimly conscious or 
wholly unconscious, but of which we may at any moment become 
conscious — for example, the ticking of a clock in the room or the 
pressure of a pipe between the teeth while these lines are being 
written or read. We may imagine that as the everchanging stream 
of conscioiisncss flows on, different portions come to the surface at 
different times and under different conditions, while others fall below, 
often to such a deiith that they pass beyond the margin of 
consciousness. 

On the physiological side, we see the analogue of these streams 
in the streams of nervous impulses which are perpetually coursing 
through the brain. The pattern of these streams is likewise always 
changing. And wo may suppose that some patterns are incom- 
patible with the simultaneous occurrence of certain other patterns. 
In this way, wo may form a physiological conception of the basis of 
inhibition; the pattern which inhibits and that which is inhibited 
cannot coexist. This has doubtless been developed in evolutional 
history owing to tlie necessity of adjustment to environment. 

We may regard the physiological correlate of consciousness as 
a state of resistance to the onward passage of the nervous impulse. 
When the resistance is high, there is consciousness ; when it is low, 
there is none. Thus when any new action (such as skating or 
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bicycling) is being learnt, the resistance is, as we should expect, 
high. But the more often tliat act is repeated, the lower becomes 
the resistance, until ultimately the act becomes a habit and is per- 
formed in the complete absence of consciousness far more surely 
and rapidly than in the earlier stages of learning. It must be borne 
in mind, however, that this conception of lowered resistance is purely 
hypothetical. In relation to rellexes we have seen that a resistance 
occurs at the synapses, where the dendritic processes of one neurone 
meet those of another. 

The hypothesis is at all events valuable in so far as it contradicts 
an old and erroneous conception that, as an action becomes habitual 
and no longer accompanied by consciousness, the nervous impulses 
quit the higher parts of the brain and coniine tliemselves to the 
subcortical and spinal regions. There can be no doubt that nervous 
impulses pursue the same course in the brain, whether at one moment 
consciousness is present, or at another absent. (See Conditioned 
Ko flexes.) 

In the spinal cord, on the other hand, there is no evidence of the 
presence of consciousness. The acts which are executed by the 
isolated cord are rellex. In so far as they are unaccompanied by 
consciousness, they are comparable to habits acquired by training in 
the higher parts of tlie nervous system. 

Within certain limits, reflex actions can be predicted. If we 
apply a known stimulus to the afferent portion of a reflex system, 
we can with fair confidence ])redict the result of the stimulus on the 
efferent portions connected tlierewith. When, on the other hand, the 
stimulus involves the manifestation of (jonsciousness, prediction is 
almost impossible ; the nervous connections are so complex, and the 
nervous impulse may wander in such a variety of directions, that 
one cannot forecast accurately how an individual will behave under 
the influence of external circumstances. 

It is, however, interesting to speculate how far the behaviour 
of an individual depends on tfie circumstances in which ho has been 
})lacod during his life-time, i.e., on the sensory impnlses wliich he 
has received, and how far it depends on inborn chai actor istics. (See 
Posture.) 


Loss of Consciousness. 

Whatever views may be held concerning the ultimate meaning 
of the E(jo there is no doubt that mental activity is dependent on 
the physical integrity and association of the neurones which make up 
the central nervous 'System. If loss of association is produced by 
disease or actual rupture of these component units, the psychological 
manifestations of cerebral activity suffer in proportion to the amount 
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of injury. The broken structures do not regenerate, and therefore 
recovery of function does not occur except in sucli degree as can be 
explained by other luirvous pathways taking the place of those 
which are lost. 

There are, however, other cases where the loss of func tion is only 
teniiDorary ; the most familiar of tliese are due to a ^vere physical 
shock (concussion) of the brain. Everyone is familiar with the 
fact that the loss of consciousness which follows such an accident 
passes off entirely. In these cases there can have been no actual 
rupture of the associated neurones, and it is usual to speak of the 
temporary loss of association which occurs as “ functional,'’ although 
we are ignorant of the actual physical state which underlies 
the dissociation. During the last few years these cases (“shell- 
shock”) have been the subject of special study, and in many 
of these severe examples of concussion, the reassociation of 
the functionally sundered neurones has occurred quite suddenly; 
recovery of lost faculties (sight, hearing, speech, etc.) has not 
infrequently followed as the result of a fresh perturbation, mental 
or physical. 

The following diagram (fig. 275), for which we are indebted 
to Sir F. Mott, will assist the reader in grasping what Hughlings 
Jackson called the levels of association in the sensory receptive area, 
and the grades of the loss of consciousness which accompany dissocia- 
tion at those levels. The lowest level is the situation of the associa- 
tive synapses between the entering sensory neurones, and the cortical 
receptors, namely, the cells of the “layer of granules.” Dissociation 
hero means loss of consciousness. The next level is that at which 
incoming association fibres from distant convolutions arborise round 
these “granules”; here dissociation means loss of recognition, a want 
of the power to associate what one sees or hears, etc., with the 
usual perceptions of objects. In the highest level of all (the layer 
of pyramids associated the units in the tangential or molecular 
layer, and with the “ granules ” in the layer below) dissociation will 
involve such higher mental operations as those covered by the word 
recollection. 

Severe shocks which produce “functional” dissociation at all 
three levels will in time pass off; first consciousness returns as 
reassociation takes place at the lowest level ; later, as recovery occurs 
at the second level, the patient is able'to recognise objects presented 
to him; recovery at the highest level takes place last, and return 
of memory may often be very slow indeed. 

Although we do not know what consciousness is, we know 
of a large number of factors on which it depends in addition to 
the physical integrity of the brain just referred to. One of the 
most important of these is the oxygen supply. Compression of the 
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carotid vessels (a dangerous procedure), a fall of blood - pressure 
such as results from h;emorrhage or from loss of the normal activity 
of the vasomotor centre, cause a rapid loss of consciousness. If 
temporary this is known as fainting. Tt ])ecomes evident that 
strangulation or section of the carotid arteries in the neck is a 
much less painful form of death than commonly supposed. 



There is evidence that in right-handed persons consciiousiiess may 
depend particularly on the left frontal lobe, for occlusion of the 
blood supply to tliis region is particularly effective in ])roducing 
unconsciousness (Critchley). Unconsciousness also occurs if the 
circulation or respiratory mechanism fails to su2)ply the oxygen, 
e.g. in drowning. 

Similarly, if there is insufficient glucose in the blood to be 
oxidised, there is a loss of consciousness, as in hypoglycicmia from 
an excessive dose of insulin. 

If a normal subject ovorbreathes violently and washes out the 
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carijon dioxide out of his blood a sensation of semiconsciousness 
Tiiay ensue. This probably because the loss of the carbon dioxide 
])rovonts oxygen being given off to tlie tissues and this becomes 
intensified l)y the oxygen lack which follows tlie loss of the stimulus 
to tlie respiratory mechanism. 

Unconsciousness or coma also results from diseases in which 
toxic products are abnormally produced or are retained, as in 
diabetes mellitus or nephritis. The poisonous substances probably 
act directly on the cerebral cells. 

Sleep and Narcosis. 

^J'ho conditions that favour sleep are : — 

(1) A diminution of the impulses entering the central nervous 
system by the afferent channels. This is under our voluntary control, 
as, for instance, closing the eyes, or retiring to a quiet room. 

(2) Fatigue. This diminishes the readiness of the cental 
nervous system to respond to stimuli. 

The first two hours of sleep are always the most profound ; later 
on, relatively weak stimuli will cause awakening. Of the parts of 
the ceiitral nervous system, the spinal cord is always less deeply 
affected than the brain, but even the brain is never entirely irrespon- 
sive, and unless slumber is very profound, dreams are the subjective 
result of external stimuli. Sensations of sound appear to be the 
last to disappear as sleep comes on, and the first to be realised 
on waking. 

Sleep has been attributed by some to changes in the blood- 
supply of the brain. Plethysmographic records from the arm of a 
sleeping man show a diminution in its volume every time he is 
disturbed, even though the disturbance may not be sufficient to 
wake him. This is interpreted as meaning a diminution in the 
blood of the body, and a correspopding increase in the blood-flow 
through the brain. It is, however, quite possible that the vascular 
condition is rather the concomitant or consequence of sleep than its 
cause. Howell among others believes it to be the cause, and attributes 
the sleepiness that follows a heavy meal to the mechanical effect of a 
dilatation of the abdominal vessels in producing a diminished blood- 
flow through the brain ; but the sleep that normally comes on at the 
end of the day, he believes to be produced by cerebral ancemia follow- 
ing dilatation of the blood-vessels of the skin, such dilatation being 
due to vasomotor fatigue. There can be no doubt that conditions 
which tend to constrict the peripheral vessels, e.g. cold feet, are very 
liable to prevent sleep. Hence the value of a hot- water bottle or a 
hot drink in promoting it. 

Some of the theories of sleep have had a chemical basis. Thus, 
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certain observers liave considered that sleep is the result of tlie 
actioji of cliejiiical materials produccid during; wjikin.i;’ liours, which 
have a soporific (dfect on the brain , according to this tlieory 
waking from slecip is due to the action of certain otlnsr materials 
produced during rest, whicli have the opposite (dTect. Obersteiner 
has gone so far as to consider tliat the so[)orific substances are acid in 
nature, l)ut others regard them as alkaloidal. Thcsti theories all rest 
on doubtful foundations, and none is as yet generally accepted. 

Then there are what we may term histological theories of sleep, 
and these are rather unsatisfactory. The introduction of the Golgi 
method opened a fresh fiehl for investigators, and several have 
sQugl|t by this method a condition of the neurones produced 

by narcotics such as opium and cliloroform, which is differmit from 
that which obtains in the waking state. 

J)cmoor and others found in animals in whi(di deep amestliesia 
has occurred, that the dendrites exhiint moniliform swellings, thiit 
is, a scries of minute thickenings or varicosities. On the strength 
of this observation, what we may call a biophysical theory of 
sleep has been formulatc<l; in the waking states the neighbouring 
nerve units are in contact with each other; transmission of nerve 
impulses from neurone to neurone is then possible, and the result 
is consciousness; during slec^p the dendrites are retracted in an 
aiiKjeboid manner; the neurones are therefore separaUid, and the result 
is unconsciousness. 

The most thorough histologicjil investigation of the effect of 
amesthetics on mnwe-cells was carried out by Jrannlton Wright 

He used rabbits and dogs, and subjected thmn to ether and 
chloroform narcosis for })eriods varying from half an hour to nine 
hours. In both animals he found tliat tlie nerve-cells are affected, 
but in rabbits much more readily. This accords (piite well with 
what is known regarding the susceptiliility of rabliits as compared 
with dogs to these narcotising agents. In a rabbit, the nm've-cells, 
especially of the cerebrum, show changes even after only lialf an 
hour’s anaesthesia, but in dogs at least four hours’ amesthesia must 
be employed. By the Golgi method the moniliform enlargements 
can be seen. These become more numerous, larger, and encroach 
more and more on the dendritic stmns, the longer the amestliesia is 
kept up (fig. 276). 

Wright started his work with a bias in favour of Denioor’s bio- 
physical theory, but he soon found tliat the theory was untenable ; 
the results of his observations have shown him that the action of 
anaesthetics is biochemical rather than biophysical, and he was 
led to this conclusion by the employment of other histological 
methods, particularly the most sensitive one we possess, namely, the 
methylene-blue reaction. 
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Owing to the chemical action of the anmsthetic on the cells, the 
Nissl bodies have no longer an affinity for methylene-blue, and the 
cells consequently present what Wright calls a rarefied appearance ; 
when this becomes marked the cells appear like the skeletons of 
healthy cells. In extreme cases the cells look as though they Iiad 
undergoiie a degenerative change, and after eight or nine hours’ 
anaesthesia in dogs, even the nucleus and nucleolus lose their affiinity 
for basic dyes. The change, however, is not a real degeneration, and 
passes off when the drug disappears from the circulation. Even 
after nine liours’ ana?sthcsia tlie cells return rapidly to their normal 
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condition, stain normally, moniliform enlargements disappear, and 
the nerve-fibres show no trace of Wallerian degeneration. The 
pseudo-degenerative change produced by the chemical action of the 
amesthetic no doubt interferes with the normal metabolic activity 
of the cell-body, and this produces effects on the cell- branches. In 
the early stages of Wallerian degenera tioji, the branch of the 
nerve-cell which we call the axis cylinder presents swellings or 
varicosities, produced by hydration or some similar chemical change. 
The moniliform enlargejiients seen during the temporary pseudo- 
degenerative effects produced by arnesthetics are comparable to this. 
These enlargements are therefore not the primary cause of loss of 
consciousness, but are merely secondary results of changes in the 
cell-body. When a tree begins to wither the earliest apparent 
change is noticed in the branches most remote from the^centre of 
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nutrition, the root ; as the changes in the centre of nutrition become 
more profound, the larger branches become implicated, but the seat 
of the mischief is not primarily in the branches. This illustration 
may serve to render intelligible what is found in nerve-cells and 
their branches. 

Moore and Eoaf have suggested that it is the protein in the 
nerve-cells (as well as the other cells of the body) which is affected 
by chloroform. They have shown that unstable compounds of 
protein and chloroform are obtainable; hence the greater solubility 
of chloroform in blood than in water. They compare the chloroform- 
protein compound to oxylucmoglobin, for it undergoes dissociation 
in the same sort of way. Just as oxyhaemoglobin parts with 
its oxygen to the tissue-cells, so the chloroform parts company 
from the blood-protein, and enters into combination with the cell- 
protein, limiting its activity and producing quiescence or ana3sthesia. 
When the administration of the chloroform ceases, the tension of 
chloroform in the blood is no longer maintained, so the combination 
between the cell-protein and chloroform dissociates, and aiuesthesia 
passes off. 

The theory which has met with most favour in relation to 
ana?sthetics, however, is that known as the Meyer-Overton hypo- 
thesis ; tliis theory, which has received abundant confirmation by 
numerous observers, 2 )oints out tliat the cells are easily j^ermeable to 
the volatile amnsthetics owing to the j)resence of fat and lipide 
material in their plasmatic membrane. It can hardly now be 
doubted that the solubility of the volatile aiuesthetics in the lipides 
of the membrane (or, what comes to the same thing, the solubility of 
the lijDides in the aiuesthetic) is an important factor in amestliesia; 
the antesthetic thus enters the cell easily, and throws the lipide 
constituents of the ]Drotoplasm (and 2 )erhaps secondarily the ])rotein 
constituents also) out of gear, the net result being a lessening of the 
oxidative changes which are essential in active vital [Drocesses. 

But the artificial sleep of a deeply-narcotised animal is no 
criterion of what occurs during normal sleej). The sleep of 
anaesthesia is a pathological condition due to the action of a poison. 
The drug reduces the chemico- vital activities of the cells, and4Si ui a 
sense, dependent on an increasing condition of exhaustion, which may 
culminate in death. Natural sleep, on the other hand, is the normal 
manifestation of one stage in the rhythmical activity of nerve-cells, 
and though it may be preceded by fatigue or exhaTistion, it is 
accompanied by repair, the constructive side of metabolic activity. 
This is true for many other organs in addition to the central 
nervous system; sleep is a time of repose for them also, but the 
amount of rest varies ; the voluntary muscles, except those concerned 
in breathing, will rest most, but the heart continues to beat, the 
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urino is still secreted, the processes of digestion go on, so that for 
such organs activity is only diminished. 

Of recent years considerable attention has been given to the 

inhibition theory of Pavlov, who has been able to produce experi- 

mentally in dogs a condition resembling normal sleep. He considers 
that normal sleep and hypnotic sleep are much more closely 

related than has been usually thought, and that both are due 
to the irradiation of inhibition. The subject has already been 
dealt with under “ Conditioned lieflexes.” This view makes 

it possible that the inhibitory process need not occupy the 
whole of the cortex at a given time, and thus gives interesting 
explanations regarding sleep-walking, dreams, persistence of the 
sense of time during sleep, etc. Incidentally, it suggests that the 
popular idea that certain individuals are at times only half-awake 
has some scientific justification ! 

It is not, however, agreed by psychologists that hypnotic and 
normal sleep are so alike as Pavlov would have us understand. 

Sleep occurring naturally or produced by narcosis, provided the 
narcotic does not stimulate, is always associated with diminished 
sympathetic as distinct from 2 )arasymj)athetic action. The pu]3il 
is constricted and digestion continues. These facts have been made 
the basis of an important theory by Hess of Zurich, who supports 
his argument by the fact that if ergotamine is injected into the 
3rd ventricle of the brain sleep results. He also has succeeded in 
producing sleep by stiniuLatiiig the mid-brain with a slowly rising 
and falling direct current. This view does not contradict that of 
Pavlov but rather supports it, for we know that parasympathetic 
activity is very commonly conditioned. As examples we may take 
the secretion of saliva, vomiting, constriction of the bronchi in 
asthma, and erection of the penis. 

It should be recognised by the public that sleep is the period of 
anabolism, repair and growth, and a large allowance is therefore 
necessary in growing children, who, amongst the lower classes, are 
often seriously harmed by insufficiency of sleep. 

A thorough investigation of the effect of sleeplessness in adults 
was made on himself and his colleagues by Kleitman of Chicago ; they 
voluntarily went without sleep for periods varying from 40 to 115 
hours. They could easily remain awake when actively engaged, but 
became drowsy when sitting and fell asleep immediately on lying 
down or on complete muscular relaxation. It is remarkable how 
normal they remained otherwise; their blood, urine, etc., were 
examined, so was also the condition of their heart, respiration, 
blood-pressure, temperature, appetite, digestion, basal metabolism, 
and reflexes. Any departures from the normal, if present at all, 
were trivial; subjectively the feeling of sleepiness was alone 



764 


THE PHYSIOLOGY OP CONSCIOUS STATES [CH. LIV. 


marked; ability to do mental arithmetic was unimpaired. The 
most essential factor in causing sleep is muscular relaxation ; this 
causes a loss of proprioceptive reflexes which in activity are always 
in action. JIughlings Jackson’s highest level (see p. 757) is the most 
fatigued and the least responsive part of the brain. The lower 
levels may still be active and so cause dreaming. 

The effect of loss of sleep not exceeding one night has been 
shown experimentally to have a beneficial effect during the first 
half of the following day, but thereafter there is a fall in efficiency 
which, in spite of sleep, may not be fully recovered for three days. 

Experimental studies show also that although during the first 
three hours sleo]> is at its deepest it is not so recuperative relatively 
as the later five hours of lighter sleo]). It would seem tluui that 
the duration is more important than the depth of sleep. 
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VOLUNTARY MOVEMENT: HYPOTHALAMUS AND BASAL GANGLIA 

When a (lo(3ision is made to make a certain movement we may 
look n])()n the effective impulse as startiiif^ in the motor area of the 
cerebrum and ])asHing down the pyramidal tracts. The pyramidal 
tracts arise in tlie Betz or giant pyramidal cells of tln^ motor area. 
Thence the lihres converge, like tlu^ frame of a fan, through the corona 



radiata to the internal capsule (tig. 277), where the fibres become 
bunched together between the lentiform nucleus externally and the 
thalamus and caudate nucleus on the inside (see also fig. 277, b). In 
horizontal section, the internal capsule appears bent. The pyramidal 
tracts lie at the bend and in the anterior two-thirds of the posterior 
limb, and from before backwards the fibres are arranged in order for 
the head, arm, trunk, legs. The posterior third of this limb is 
occupied by sensory fibres on their way from the thalamus to the 
cortex and by the final visual and auditory path. The anterior 
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limb of tli(3 capsiil(3 is occupied by fibres passing from the frontal 
lobe to th(i ])ons. Tlie im])ortanee of this arraiigenKmt lies in tlie 
fact tliat a destruction of the fibres very readily occurs as a I’osult of 
c.erebral lucmorrliage in tins region, ami the lo(‘,ahsed ])aralysis whicli 
results d(3])(inds on the actual damage dom^. 'I’Ik^so anatomical 
details have been ascertained by studying the di^tailed effects of 
destruction of the motor area. The effect of this is shown in 

277 . 

In the crus the fibres occupy the middle of the region in front of 
the substantia nigra (s N.) ; in the jions th(3 fibres are more scattered, 
but in the medulla they become again concentrated in the anterior 
aspect. In the lower jiart of the medulla most of the fibres cross 
to the opposite side at the decussation of the pyramids, the crossed 
pyramidal tract occuirying the lateral c.olumn of the cord until it 
reaches its desfanation. TJie fibres of the tract end liy arborising 
round cells tn the posterior horn (not the anterior), whence they 
are relayed to the anterior horn cells, whoso aNons pass out from 
the spinal cord to the muscles, etc. Some of the pyramidal fibres 
do not cross but remain as the direct pyramidal tract in the 
anterior aspect of the cord throughout, ci’ossing, however, lower down. 
Throughout its course in the brain the pyramidal tract gives off filires 
via sensory cells (such as those in tlie substantia nigra) to the 
cranial nuclei. 

Ill clinical work the Jletz (‘.ell and the pyramidal fibre are 
commonly known as the upjier motor murouQ, while the anterior 
horn cell with its axon is known as the lower motor neuroma. 

Destruedion or damage to the [lyramidal tracts results in 
jiaralysis of the ])articular ])art of the body supplied. If above the 
decussation of tlu) ])yramids in the medulla, as it commonly is in 
cerebral hccmorrhagi^, the ])aralysis is on the opposite side of the 
body, although it may affect the muscles of the same side of the 
face.* If the motor area is damaged, as it may be at birth, paralysis 
of a single limb may occur. Even when both limbs of one side are 
affected (hemiplegia), tlie trunk, chest, and abdomen which are 
bilaterally innervated usually escape. The state of the muscles is 
somewhat reminiscent of decerebrate rigidity, the paralysed muscles 
have excessive tone (spasticity) ami the deep reflexes of the part are 
increased. 

Damage to the tracts in the spinal cord is less common. It may 
occur in injury and disease, e.^. tumour. In such conditions the 
interference with voluntary movement is, as a rule, accompanied by 
impairment of sensation also. 

Thi.s crossed paraly.sis involving the face on one side and the limbs on the 
other is characteristic of haemorrhage into the pons. I.<esions higher up, «.//. in the 
internal capsule, cause paralysis of the opposite face and limbs. 
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Useful voluntary activity does not however depend solely on 
the motor pathway. It depends also on sensation, as wo have 
already seen on page 699, and it must he realised that diagrams 
such as that above are merely (convenient ways of conveying a 
mental picture. All the evidemce appears to indicate that when 
we move, say an arm, a shower of impulses are sent down the 
pyramidal tract to the anterior horn cells moving the essential 
muscles concerned, but that such contraction sets up at once groups 
of reflexes which modulate the activity of the muscles and the 
associated muscles. 

It is, however, to be understood that to consider the voluntary 
impulse as beginning in the motor area is merely convenient, as it 
is the first point which we know of accurately. Ko doubt, impulses 
reach this area from the association areas ami there is evidence that 



the frontal area may be specially concerned (Kinnier Wilson). The 
close relationship of the sensory to the motor area suggests that 
many of the stimuli come from the sensory area and there is little 
doubt that m[iny of our so-c^alled voluntary actions are more in 
response to direct sensory stimulation than at first sight appears. 
It is of interest also to observe that n^petition of voluntary move- 
ment to a given stimulus (as in taking reaction times) does cause an 
increased speed of response, while drugs, ejj. bromides, and diseases, 
e.g. myxoedema, affect siigilarly voluntary aedivity and reflexes. 

Reaction Time in Man. — The term reaction time is applied to the time occu- 
pied in the central nervous sy.stem in tliat complex response to a pre-arranged 
stimulus in whieli the brain as well as the cord comes into play. It is sometimes 
called the personal equation. It may be most readily measured by the electrical 
method, and the accompanying diagram (fig. 279) illustrates one oi the numerous 
arrangements which have been proposed for the purpose. 

In the primary circuit two keys (yf and it) are includ<‘d, and an electro-magnetic 
signal (1), arranged to write on a revolving cylinder (fast rate). A time marker or 
chronograph (2), marking 1-lOOths of a second, is placed below this. The experi- 
ment is performed by two persons C and 1). The key under the control of C, is 
opened. The key under the control of 13, is closed. The electrodes E are 
applied to some part of D’s body. C closes A. The primary circuit is made, and 
the signal (1) moves. As soon as D feels the shock he opens i?, the current is thus 
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broken, and the lever of the signal returns to rest. The time between the two 
movements of the signal (1) is measured by means of the time-tracing written by 
chronograph (2). From this, the time occupied by transmission along the nerves 
has to be deducted, and the remainder is the reaction time. It usually varies from 
0T5 to 0-2 second, but is increased in : — 

The Dilemma. —The primary circuit is arranged as before. The wires from 
the secondary coil lead to the middle screws of a reverser without cross wires. To 
each pair of end screws, a pair of electrodes E and E' pass ; these arc applied to 
different parts of D’s body (fig. 280). It is arranged previously that D is to open 
B, when one part is stimulated, but not the other, C adjusting the reverser unknown 
to D. In these circumstances the reaction time is longer. 



The reaction time in response to various kinds of stimuli, sound, light, pain, 
etc. , varies a good deal ; the condition of the subject of the experiment is also an 
important factor. 

The Effect of Injury to the Spinal Cord. 

The study uf paths makes it evident that an injury of, or a 
tumour pressing on, the spinal cord will affect its motor sensory 
and roilex functions. On an accurate study of the changes brought 
about will depend the power of the surgeon to diagnose the exact 
position of the lesion and possibly to treat it. It is convenient to 
consider the effects of partial and complete section of the spinal cord. 

Complete transverse section of the spinal cord may produce 
immediate death if the operation is performed sulhciently high in 
the cervical region, for the paralysed muscles will then include 
those of respiration. The spinal cells from which the phrenic and 
other respiratory nerves originate are then cut off from the respir- 
atory centre in the bulb above them, and the animal will die of 
asphyxia. One sees the same thing after severe injury to the upper 
cervical cord in man, as when he breaks his neck.” 

If tlie injury is sidiiciontly low down and is not so abrupt that 
the patient or the animal does^not die of sliock, a series of typical 
changes are seen : — 

1. Loss of motion of the parts supplied by the nerves below the 
section on both sides of the body. The paralysis is not confined 
to the voluntary muscles, but includes the muscle-fibres of the 
blood-vessels and viscera. Hence there is fall of blood-pressure, 
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paralysis of sphincters, etc., immediately after the operation, but 
there is considerable recovery of involuntary muscles, as they are 
supplied by autonomic nerves; any voluntary control over the 
sphincters is, however, permanently lost. 

2. Loss of sensation in the same regions. 



Fig 2S1 —The above diagrams are reproductions of photo-rnicrographs from tiie spinal cord of a monkey, 
III wliich the operation of left hemisection had been performed some weeks previously (Mott) The 
sections were stained by Weigert’s method, by which the grey matter is bleached, while the healthy 
white matter remains dark blue. The degenerated tracts are also blcacheil A is a section of the 
cord in the thoracic region below the lesion; the crossed pyramidal tract is degenerated. B is a 
section lower down (in the lumbar enlargement) ; the degenerated pyramidal tract is now smaller. 
C ns a section in the thoracic region some little distance above the le.sion. The degenerated tracts 
seen are m the outer part of UoH’s column, and the direct cerebellar tract. D is a section higher 
up in the cervical region; the degeneration in GolTs column now occupies a median position; the 
degenerations iti the direct cerebellar tract and in the tract of Gowers are also well shown. Notice 
th.it 111 all cases the mam degenerated tracts are on the same side as the injury. 


3. Hyperaesthesia at the junction of the areas of normal and 
diminished or lost sensation. 

4. ''Inhere is an initial period of spinal shock during which all 
reflexes are aliseiit, but in man in about three weeks * the typically 
exaggerated s])inal reflexes, i.e. flexion witlidrawal, appear. 

5. Degeneration, ascending and descending, on both sides of the 
cord. 


In cat.s the period of .shock may be only a few minutes. 
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Hemisection. — If the operation performed is not a complete 
cutting of the spinal cord transversely, but a cutting across of half 
the cord, it is termed hemi section, or semi-section* This leads to : — 

1. Loss of voluntary control of the muscles of the same side 
below the level of the section. 

2. Loss of sensation below the divided segment, approximately as 
follows : (a) Loss of joint and muscle sense, of sense of vibration, and of 
tactile discrimination, on the mme side as the section ; (b) Loss of the 
senses of pain, heat, and cold on the side opposite to the section. The 
reason for this peculiar distribution of sensory loss is the presence 
of an inferior and a superior sensory decussation ; the former occurs 
within the cord as the decussation of the spin o- thalamic fibres, the 
latter in the medulla as the decussation of the fillet. 

Kesults similar to those caused by heniisection in animals follow 
a unilateral lesion of the spinal cord in man, and constitute the 
syndrome of Brown-S4quard, who first described them. 

3. Hypenesthesia occurs commonly at the junction of the areas 
of normal and lost or diminished sensation. 

4. The reflexes arc at iirst absent but subsequently become 
exaggerated on the same side as the lesion as a result of the loss of 
the higher inhibition carried by the rubrospinal and pyramidal tracts. 

5. Degeneration, ascending and descending, largely confined to 
the same side of the cord as the injury. The most important of 
these are shown in the preceding diagrams (fig. 281), the small text 
beneath which should be carefully studied. 


THE FUNCTIONS OP THE HYPOTHALAMIC REGION. 

Of recent years a great deal of attention has been directed 
towards the region of the brain which lies just below the thalamus 
and above the mid-brain and the region adjacent to the floor of the 
third ventricle, and evidence appears to be accumulating that this 
region plays an important part in the elemental reactions of the 
body. It is claimed that from tins region are controlled the important 
functions of the pituitary body in relation to sex. It would also 
seem that in this region is the upper end of the autonomic nervous 
system, since it has been found that stimulation in this region may 
have the same effects as stimulation of the cervical sympathetic. It 
has also been observed by Bard that if progressive sections through 
the brain are made, as soon as the hypothalamus is reached a 
remarkable condition of rage is produced, e.g, snarling, clawing, 
lashing of the tail, erection of the hairs, a rise of blood pressure 
and heart-rate, and dilatation of the pupil such as might be produced 
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by the injection of adrenaline. Wlien the hypothalamus is removed 
these symptoms disap])ear. 

From these and other experijiients, Cannoji ])ostiilates that the 
liypothalamiis is the scat of the activities which we describe as 
the emotions, which are only different from rellexes in that they 
are more complicated. Normally, like the postural reflexes, they are 
more or loss inhiliited by the mediation of higher centres. 

In the region of the tuber cinereum is considered to be the centres 
concerned with heat production and heat loss, which are possibly 
controlled from still higher areas, and to tlic region generally is 
ascribed the regulation of water content, sweating, fat and carbo- 
hydrate metabolism, wliile Hess lias related the floor of the third 
ventricle to sleep (See Slee]).) 

Damage to the hypothalamic area may result in high body 
temperature, diabetes insiiiidus with emaciation and Frohlich’s 
syndrome (see Pituitary). At the sa,me time there may be consider- 
able alteration of the mental state, often too there are extreme 
degrees of sleep which may amount to almost unconsciousness. 
Injection of ergotamine into the region of the third ventricle is 
stated by Hess to produce sleep as if the sympathetic was paralysed. 

Electrical stimulation of the posterior and lateral nuclei produced 
sympathetic effects such as cardiac acceleration and inhibition 
of the gut, while stimulation of the mid-line nuclei produce the 
opposite states. 

The relation of the posterior nuclei to the control of body 
temperature appears to be the most certain observation regarding 
the region, but much doubt still exists regarding many of the 
alleged functions of the hypothalamus. 


THE FUNCTION OP THE BASAL GANGLIA. 

The difficulty of removing the basal ganglia such as the caudate or 
lenticular nuclei (see fig. 277), which are large masses of grey matter, 
has made it difficult to obtain information regarding their function. 
Evidence has, however, accumulated to indicate that disease of the 
lenticular nucleus produces motor disturbance of the face resembling 
laughter, increased reflexes and muscle tone, and in the condition of 
paralysis agitans or shaking palsy, which is characterised by great 
tremor of the hands or head, degeneration of the corpus striatum 
has been found post-mortem. It would seem, then, that the region of 
the basal ganglia probably controls some of the primitive movements. 

A study has been made, especially by Fulton and his co-workers, 
of the connections of the basal ganglia. The evidence is very 
complete that they receive libres and presumably imjjulses from 
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th(3 area in front of the motor area, cs])ecially an area (r)rodmann"s 
Ar(\‘i 6) in front of Uio arm area, the structure of which is the 
same as that of the motor area, l)ut which has no Ihitz cells. From 
tlie hasal j^^auglia libros pa.ss to the red nucleus and substantia 
ni^Ta. Kemoval of the cortuuil arc^a produces a typittal spastic 
paralysis like a decerebrate rigidity. 


A SUMMARY OP THE FUNCTIONS OP THE 
CENTRAL NERVOUS SYSTEM. 

We are now in a })Osition to get a complete picture of the 
functions of the nervous syst(nn as a whole. As we have said, 
throughout the animal kingdom it exists for the purpose of regulating 
the internal mechanism of the body and for adapting the activities 
of the body as a whole to its environnient. As wo ascend the 
zoological scale the animals become increasingly capable of adapting 
themselves to di Horen t kinds of environment, and tliis very largely 
because of their greater capability of locomotion, whi(;h in a sense 
may l)e (jonsideriid tlui index of evolution, and it will be soon that 
the nervous system is developed largely according to locomotory 
requirements. 

A simi»le animal, such as a jelly-lish, whicjh docs not move 
much from place to place, has a nervous system ca])a])le only of 
protecting itself. It lias a nerve; net in which the essential elements 
of a simple rellex arc are found — that is, afferent iibres, central cells 
and efferent fibres. 

Slightly higher animals, eg. worms, which move but slightly 
more, have a central (diain of ganglia; each gajiglion looks after a 
segment, but there is co-o])eration between the ganglia for the 
proti’ction of the whole. This is essentially the basal function of 
the spinal (!ord and hrain-stem of mammals. 

As the animal becomes still more mobile it r(;quires some 
arrangement for a greater supply (jf oxjgen and fuel and there are 
developed the mt;dulla and pons in which are situated the centres 
coruicnied with the control of the respiration and circulation. In 
addition, the facdlity of digestion is increased by the vagal activity 
controlling swallowing and secretion and alimentary movements. 
With this in(;reascd facility is necessitated a power of vomiting for 
protection against noxious substances swallowed. 

With still greater mobility conferred by the acquisition of legs 
are developed the postural retlexes controlled from the upper part 
of the medulla to the mid-hrain and greater co-ordination is 
provided by the development of the cerebellum in close association. 
In animals which move in three planes this organ is most pronounced. 
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iri^hor still in the hypothalamus wo find c.entics whiidi confer 
adaptation to variahiliti(^s of temperature and all the advantages 
of rapiil ('hemical action wliic-h the warm-blooded animal possesses. 
Tills i(\gion may indeed ho e.onsidered the head-region of the 
primitive system which has for its function the tireservation of 
the individual and his spiicies in so far that evidence is increasing 
that reproduction also is controlled from this region and the 
associated pituitary body which also controls growth. Here appear 
to be located the more violent reactions to environment. 

Finally, wo have the cerebrum which permits of calculated 
adaptation to still more complicated environments and supplying 
by means of modern mechanical transport and communication still 
greater mobility of body and of thought. 

As regards slower reactions the ductless glands furnish still 
further adaptations, the pituitary body, those of the species, that 
is growth and reproduction, and the latter is the needs of the 
specties not of the individual ; the thyroid, those of the day, that 
is metabolic control; and the adrenals, those of the minute, the 
adaptation necessary for movements. 

Thus we lind as we ascend that the iidluence of the individual 
on the environment becomes increasingly greater. At one end 
of the sc-ale tlun’o is the creature which dies when there is any 
appreciable environmental (diange; at the other man, who, while 
like the lower animals, is capable of greater adaptation, but at 
the same time is beyond others the creator and master of his 
enviroinnent. 
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SrKKCII AND VOICE 

Speech 

The (lis(5()voiy uf a part of the cereal >ral cortex wliicli was specially 
associated with speech was one of tlie first steps towards cerebral 
localisation. The Trencli ])hysiciaii Jlroca came to the conclusion 
that patients who died from cerebral hiemorrhage and who had, 
previous to death, lost the power of speech, had invariably 


1 

i: 


Fio. 2S2 — Lateral view uf the left cerebral hemisphere of man (after 1 )onald3on). V is the cortical area, 
damage to whicli piudnces “ word blindness” ; it is situated in tlie angular gyrus, ami is calleii the 
VLbUdl woni centre H is tlie area in tlie superior teinpoial convolution, called tlie auditory word 
centre, damage to winch produces “word deafness.” S ns JJroca’s convolution, damage to which 
produces loss of .audible speech (motor aphasia); pist behind is the motor area for the movements 
of the tongue, vocal cords, etc , concerned m .speaking; liastiaii torra<>d it the globSo-kintEsthetic area. 
Tlie area W, called by Uastian the cheiro-kimrsthetic aiea, is the corresponding region concerned in 
liand movements, damage to which abolishes the power of writing (agraphia) 


V i) 



liiemorrhago in the region of the pars triangularis of the inferior 
frontal convolution. Tlie most curious fact aliout this so-called 
speech centre is that it is situated only on the left side of the brain 
in right-handed persons. 

Suliscquently, Marie and Moutier pointed out that loss of 
speech may occur with lesions of other parts of the brain and tliat 
the loss may be confined to certain parts of speech; thus, the 
individual may be unable to read aloud, to write to dictation and 
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the like, without Jiiiy other part of speech ])eing seriously affected. 
Few will go so far as to suggest, as did Marie, that Broca’s area has 
not a special relation to speech ; indeed, there is overwhelming 
evidence that it has. Head has gone to the other extreme, and has 
almost denied that it is possible to differentiate aphasia, i.e. loss 
of speech, into isolated affections of speaking, writing, etc., due to 
destruction of visual, auditory, or motor images. 

The Formation of Speech. — Probably all these views may 
be reconciled when we consider how speech is evolved in the 
individual. Speech in its wide sense may be considered the mode 
of interchange of ideas between oneself and one’s fellow-creatures. 
It may be looked upon as depending upon three distinct 
mechanisms. 

(1) A Receptor Mechanism which may involve any sensation, 
although normally hearing and seeing are utilised. In close relation- 
ship to the cortical centre for these sensations are the association 
areas, in which memories of sensation appear to be stored. Thus, 
in the second and third temporal convolutions are stored the names 
of objects and these are lost if this region becomes the seat of disease, 
e.y. al^scess secondary to inffammation of the middle ear. 

(2) Association Mechanism. — Our knowledge of this mechanism 
is, as yet, quite crude, and we cannot relate its facts in any detail 
to anatomical areas, but from a study of disease a large amount 
of interesting material has been collected. 

There is general agreement, however, that in right - handed 
persons the area concerned is on the left side of the brain, within a 
well-defined cortical region extending from the lower and posterior 
part of the frontal lobe, by the island of Reil, to the temporal and 
lower parietal and occipital region (Kinnier Wilson). Of this region, 
it is clear that the anterior part is concerned with expression, and 
the posterior part, or area of Wernicke, with reception. 

To each sensation is attachctl a certain significance according to 
the circumstance in which it is experienced. If an idea has to be 
communicated, or a reply made, the impulse passes to that i^art 
of the association mechanism concerned with expression, where the 
])roper means of expression is determined. Broca’s area (as its 
histological structure suggests) may be considered an association 
area in elose relation to the vocal effector mechanism. 

(8) An Effector Mechanism. — The message is then conveyed to 
the appropriate part of the motor cortex concerned with the vocal 
organs, but it may be, according to circumstances, the area for hand 
movements or any other part. A nod of the head, or placing a finger 
to the mouth, may be even more significant than a spoken word. It 
is, then, fairly easy to understand why it is that certain parts of 
the general speech mechanisms may become impaired, leaving other 
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parts normal. Head does not consider that an aphasic individual is 
ever quite normal mentally, nor, indeed, can this be expected, unless 
the disease is limited to a small area of the motor cortex. When we 
learn to speak, we learn to think and to form ideas by a similar 
mechanism, and we know Iiow impaired the general mentality of 
a deaf person may be, simply because he has not the normal facility 
of communicating with his fellows. 

The effect of any given lesion on mentality will then depend on 
how the individual has acquired his knowledge. If, for example, 
there is a lesion of the association fibres connecting the visual 
association area to the motor area for the vocal organs, not only will 
the individual be word-blind, i.e. unable to read aloud, but probably 
other associations and ideas, which depend on knowledge acquired by 
reading, will l^e affected, although he may reply quite well to verl)al 
questions, and knowledge acquired by hearing may be unaffected. 


Voice Production. 

The fundamental tones of the voi(50 are produced l-iy the current 
of expired air (uuisiiig the vibration of the vocal cords, two bands 
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Fig. 283.— a veitioal section through the larynx. It emphasises tlin fact that the vocal cor<l.s 
aio not in leality cords but the apices of sharp folds. Note the valvular appearance of 
the laiyngoal folds. The vocal cords prevent the entry of air into the chest, the ventricular 
bands hinder the exit of air. (V. E. Negus.) 


contained in a cartilaginous box placed at the top of the windpipe 
or trachea. This box is called the larynx. The sounds produced 
here are modified by other parts such as the tongue, teeth, and lips, 
as will be explained later on. 

For a detailed description of the larynx, reference should be 
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made to a text-l) 0 ()k of Anatomy. It is com})osed of the tliyroid 
cartila<j;e, tlie promiiienee in front of which constitutc^s Adam’s 
ap])le, tli(^ cii('-oid cartilage and tli(5 two arytenoids, togethm* with 
several minor cartilages, ddiese ai-e all ludd together and to the 
neighbouring structures by fibrous tissiui and muscle. 

Mucous Membrane. — The larynx is lined with a mucous membrane 
continuous with that of the trachea; this is covered with ciliated epithelium 
except over the vocal cords and epiglottis, where it is stratified. The vocal cords 
are bands of elastic tissue in this mucous membraiie whicli run from before back. 
They are continuous below with the conus elasticus, and are attached as stated 
above. The chink between them is called the rima ylotlidis (see fig. 284). Two 
ridges of mucous membrane above and parallel to 
these are called the false vocal cords ; between the 
true and false vocal cord on each side is a recess 
called the ventricle. 

The laryngoscope is an instrument employed in 
investigating during life the condition of the pharynx, 
larynx, and trachea. It consists of a large concave 
mirror with perforated centre, and of a smaller mirror 
fixed in a long handle. The patient is placed in a 
chair, a good electric light is arranged on one side 
of, and a little above, his head. The operator fixes 
the large mirror to his head in such a manner that he 
looks through the central aperture with one eye. lie 
then seats himself opposite the patient, and so alters 
the position of the mirror, which is for this purpose 
provided with a ball-and-socket joint, that a beam of 
light is reflected on the lips of the patient. 

The patient is now directed to throw his head 
slightly backwards, and to open his mouth ; the 
reflection from the mirror lights up the cavity of the 
mouth, and by a little alteration of the distance 
between the operator and the patient the point at 
which the greatest amount of light is reflected by 
the mirror — in other words, its focal length — is readily 
discovered. The small mirror fixed in the handle is 
then warmed, either by holding it over the lamp, or 
by putting it into a vessel of warm water; this is 
necessary to prevent the condensation of breath upon 
its surface. The degree of heat is regulated by 
applying the back of the mirror to the hand or cheek, 
when it should feel warm without being painful. 

After these preliminaries the patient is directed to put out his tongue, which is 
held by the left hand gently but firmly against the lower teeth by means of a 
handkerchief. The warm mirror is passed to the back of the mouth, until it rests 
upon and slightly raises the base of the uvula, and at the same time the light is 
directed upon it ; an inverted image of the larynx and trachea will be seen in the 
mirror. If the dorsum of the tongue is alone seen, the handle of the mirror must 
be slightly lowered until the larynx comes into view; care should be taken, how- 
ever, not to move the mirror upon the uvula, as it excites retching. The observa- 
tion should not be prolonged, but should rather be repeated at short intervals. 

The structures seen will vary, according to the condition of the parts, during 
inspiration, expiration, phonation, etc. ; they are (fig. 285) first, and apparently 
at the posterior part, the base of the tongue., immediately below which is the arcuate 
outline of the epiglottis, with its cushion or tubercle. Then are seen in the 
central line the true vocal cords, white and shining in their normal condition. 
The cords approximate (in the inverted image) posteriorly ; between them is 
left a chink, narrow whilst a high note is being sung, wide during a deep 



Kio ‘284.— Dia^iain to illustrato 
tilt) niothod ot ob'>('iviii}; tlio 
laiyiix. The ilhimni.ition may 
tx) lioiu a foi(!h(>a<l lamp ui a 
lam[) in the ha'iclhi of tlio 
mnrui. L, laiynx; T, toii<^ue; 
ill’, liaid palate; Hi’, suit 
I)a]ato. TJio arrows iodie.itea 
rellectPil beam of liKhtfiom the 
larynx. 
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inspiration. On each side of the true vocal cords, and on a higher level, are 
the pink false vocal cords. Still more externally than the false vocal cords 
is the anjteno-epiglottidean fold, in which are situated on each side two small 
elevations; of these the most external is the cartilage of Wrisberg., the inner 
is the cartilage of Santorini. The t-ings of the trachea^ and even the bifurcation of 
the trachea itself, if the patient be directed to draw a deep breath, may be seen in 
the interval between the true vocal cords. • 



Fio. 285.— Three laryngoacopic views of the superior aperture of the larynx ami surrounding parts. 
A, the glottis during the emission of a liigh note in singing; B, in easy and cpiiet inhalation of 
air; C, in the state of widest possible dilatation, as in inhaling a very deep breath. The diagrams 
A', B', O', show in horizontal sections of the glottis the position of the vocal cords and aryte- 
noid cartilages in the three several states represente<i in the other figures. In all the figures so far 
as marked, the letters indicate the parts as follows, viz. : I, the base of the tongue; e, the upper 
free part of the epiglottis; e', the tubercle of the epiglottis; ph, part of the anterior wall of the 
pharynx behind the larynx ; in the margin of the aryteno-epiglottidean fold, w, the swelling of the 
membrane caused by the cartilages of Wrisberg; s, that of the cartilages of Santorini ; a, the tip or 
summit of the arytenoid cartilages ; cv, the true vocal cords or lij^s of the rima glottidis ; c v s, the 
superior or false vocal cords ; between them tlio A'entricle of the larynx ; in C, tr is placed on the 
anterior wall of the receding trachea, and h indicates the commencement of the two bronchi beyond 
the bifurcation which may bo brought into view in this state of extreme dilatation. (C^uain, after 
Czermak.) 


Movements of the Vocal Cords. 

Iri, Respiration . — The position of the vocal cords in ordinary 
tranquil breathing is so adapted by the muscles, that the opening 
of the glottis is wide and triangular (fig. 285, b). The glottis 
may remain unaltered during ordinary quiet breathing, though in 
some people it becomes a little wider at each inspiration, and a little 
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narrower at each expiration. In the cadaveric position the glottis 
has about lialf the width it has during ordinary breathing; during 
life, therefore, except during vocalisation, the abductors of the vocal 
cords (posterior crico-arytenoids) are in constant action. (F. Semon.) 
On making a rapid and deep inspiration the opening is widely dilated 
(fig. 285, c) and somewhat lozenge-shaped. 

In Vocalisation . — At the moment of the emission of a note the 
chink is narrowed, the margins of the arytenoid cartilages being 
brought into contact, and the edges of the vocal cords approximated 
and made parallel (fig. 285, a); at the same time their elasticity 
is regulated by contraction of the thyro-arytenoid muscles. As the 
pitch of the no^ increases it is probable that the degree of contraction 
^ — and with it the elasticity — of the 

thyro-arytenoid muscles becomes greater, 
and the range of a voice depends, in the 
main, on the extent to which the degree 
of elasticity of the vocal cords can be 
thus altered. In the production of a 
high note the vocal cords are brought 
well within sight. In the utterance 
of low-pitched tones, on the other hand, 
the epiglottis appears to be brought over 
them, and the arytenoid cartilages look 
as if they were trying to hide themselves 
under it (fig. 286). 

The approximation of the vocal cords also usually corresponds 
with the height of the note produced ; but the width of the 
aperture has no influence on the pitch of the note, as long 
as the vocal cords have the same tension ; only with a wide 
aperture the tone is more difficult to produce and is less perfect, 
the rushing of the air through the aperture being heard at the 
same time. 

No true vocal sound is produced at the posterior part of the 
aperture (d the glottis, namely, that which is formed by the space 
between the arytenoid cartilages (pars intercartilaginea). 



FiQ 2S6.— View of the upper part of the 
larynx aa seen hy means of tlio laryngo- 
scope during tlie utterance of a bass 
note f, Epiglottis ; s, tuborolos of the 
cartilages of Wiisberg; u, cartilages 
of Santorini; c, base of the tongue; 
p/i, the posterior wall of the pharynx. 
(Czormak.) 


The Voice. 

The human musical instrument is often compared to a reed 
organ-pipe : certainly the notes produced by such pipes in the vox 
humana stop of organs is very like the human voice. Here there is 
not only the vibration of a column of air, but also of a reed, which 
corresponds to the vocal cords in the air-chamber composed of the 
trachea and the bronchial system beneath it. The pharynx, mouth, 
and nasal cavities above the glottis are resonating cavities, which, by 
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alterations in their shape and size, are able to pick out and emphasise 
certain component parts of tlie sounds produced in the larynx. The 
natural voice is often called the chest voice. The falsetto voice is 
differently explained by different observers; on laryngoscopic 
examination, the glottis is found to be blown open ; it is probable 
that only the inner fibres of the thyro-arytenoid muscle are in 
contraction. 

Musical sounds differ from one another in three ways : — 

1. In pitch . — This depends on the rate of vibration ; and in 
a siring, the pitch increases with the tension, and diminishes with 
the length of the string. The vocal cords of a woman are shorter 
than those of a man, hence the higluu- pitched voice of women. The 
average lengtli of the female cord is 115 millimetres, tliis can be 
stretched to 14 ; the male cord averages 15’5, and can be stretched 
to 19'5 millimetres. 

2. In loud7iess . — This depends on the amplitude of the vibrations, 
and is increased by the force of the expiratory blast which sets the 
cords in motion. 

3. In “ timbre .” — This is the difference of character which dis- 
tinguishes one voice, or one musical instrument, from another. It 
is due to admixture of the primary vibrations with secondary vibra- 
tions or overtones. The range of the voice is seldom, except in 
celebrated singers, more than two-and-a-half octaves, and for different 
voices this is in different parts of the musical scale. 

Itecords may now be taken of the voice with accuracy as in the 
making of gramophone n^cords, but the magnification required is 
such that they do not lend themselves readily to reproduction here. 


Vocal Speech. 

Speech is due to the modification produced in the fundamental 
laryngeal notes, by the resonating cavities above tlie vocal cords. 
Jjy modifying the size and shape of the pharynx, mouth, and nose, 
certain overtones or harmonics are picked out and exaggerated : this 
gives us the vowel sounds ; the consonants are produced by inter- 
ruptions, more or less completti, of the outflowing air in different 
situations. When the larynx is passive, and the resonating cavities 
alone come into play, we get whispering. 

The pitch of the Vowels has been estimated musically ; u has the lowest pitch, 
then 0, a (as in father), {a as in cane), i, and e. We may give a few examples of 
the shape of the resonating cavities in pronouncing vowel sounds, and producing 
their characteristic timbre : when sounding a (in father) the mouth has the shape of 
a funnel wide in front; the tongue lies on the floor of the mouth ; the lips are wide 
open ; the soft palate is moderately and the larynx slightly raised. 

In pronouncing u (oo), the cavity of the mouth is shaped like a capacious flask 
with a short narrow neck. The whole resonating cavity is then longest, the lips 
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being protruded as far as possible ; the larynx is depressed and the root of the 
tongue approaches the fauces. 

In pronouncing o, the neck of the flask is shorter and wider, the lips being 
nearer the teeth ; the larynx is slightly higher than in sounding oo. 

In pronemneing e, the flask is a small one with a long narrow neck. The 
resonating chamber is then shortest as the larynx is raised as much as possible, 
and tlie mouth is bounded by the teeth, the lips being retracted ; the approach of 
the tongue near the hard palate makes the long neck of the flask. 

The Consonants arc produced by a more or less complete closure of certain 
doors on the course of the outgoing blast. If the closure is complete, and the blast 
suddenly opens the door, the result is an explosive ; if the door is partly closed, and 
the air rushes with a hiss through it, the result is an aspirate ; if the door is nearly 
closed and its margins are thrown into vibration, the result is a vihrative ; if the 
mouth is closed, and the sound has to find its way out through the nose, the result 
IS a resoyiant. 

These doors are four in number ; Brucke called them the articulation positions. 
Tliey are — 

1. Between the lips. 

2. Between the tongue and hard palate. 

3. Between the tongue and soft palate. 

4. Between the vocal cords. 


The following table classifies the principal consonants according to this 

plan 


Articulation 

I>ositiun 

1 

2 

3 

4 


Explosives 

B, P. 
T, D. 
K, G. 


Aspirates. Vibrative.s. Rosonants 

F, V, W. ... M. 

S, Z, L, Sch,Th. R. N. 

J, Ch. Palatal R. Ng. 


H. R of lower Saxon 


The introduction of the phonograph has furnished us with an instrument which 
it is hoped in the future will enable us to state more accurately than has hitherto 
been possible, the meaning of the changes in nature and intensity of the complex 
vibrations which constitute speech. 
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TASTE AND SMELL 

Taste 

Certain anatomical facts must be studied first in connection with 
the tongue, the upper surface of which is concerned in the reception 
of taste stimuli. 

The toTKjue is a muscular organ covered by mucous membrane. 
This membrane resembles other mucous membranes in essential 
points, but contains pa 2 )ill(je peculiar to itself. The tongue is also 
beset with mucous glands and lymphoid nodules. 

The papillm are thickly set over the anterior two-thirds 

of its upper surface, or dorsuvi (fig. 2S7), and give to it its character- 
istic roughness. Three principal varieties may be distinguished, 
namely, the (1) cirmmimllate, the (2) fungiform, and the (3) conical 
and filiform papilhe. They are all formed by a projection of the 
cerium of the mucous membrane, covered by stratified epithelium ; 
they contain special branches of blood-vessels and nerves. The 
corium in each kind is studded by microscopic papillae. 

(1) Circumvallate. — These papilhe (fig. 288), eight or ten in 

number, are situate in a ‘Ji-f the base of the tongue 

(1, 1, fig. 287). They arc circular elevations, from .^Vth to of 

an inch wide (1 to 2 mm.), each with a slight central depression, and 
surrounded by a circular moat, at the outside of which again is a 
slightly elevated ring or rampart; their walls contain taste-buds. 
Into the moat that surrounds the central tower, a few little glands 
{glands of Ehncr) open. These glands form a thin, watery secretion. 

(2) Fungiform. — The fungiform papilhe (3, fig. 287) are scattered 
chiefly over the sides and tip, and sparingly over the middle of the 
dorsum, of the tongue ; their name is derived from their being shaped 
like a puff-ball fungus (see fig. 289). 

(3) Conical a.nd Filiform. — These, which are the most abundant 
papilhe, are scatteretl over the wliole upper surface of the tongue, 
but especially over the middle of the dorsum. They vary in shape, 
some being conical (simple or compound) and others filiform; they 
are covered by a thick layer of epithelium, which is either arranged 
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over them, in an imbricated manner, or is prolonged from their 
surface in the form of fine stiff j^rojections (tig. 290). In carnivora 
they are developed into horny spines. These papilhe have a 
mechanical and tactile function, rather than one of taste ; the latter 



Fio. 287.— Papillar surface of the tongue, witli the fauces and tonsils Itonsilhi; palatiriie]- 1, 1, 
Circumvallato papilhe in front of 2, tlie foramen caecum; 8, fungiform papilla;; 4, liliform and 
conical papilhe ; 5, transver.so and oblique rugai ; 6, mucous glands at the base (jf the tongue and 
in the fauces; 7, ton.sils ; 8, part of the epiglottis; 0, median glosso-epiglottidoan fold (frtcnura 
opiglottidis). (From Sappoy.) 


sense is seated especially in the other two varieties of papilhe, the 
circumvallate and the fungiform. 

In the circumvallate papilhe of the tongue of man peculiar 
structures known as taste-hiids are found. They are of an oval 
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shape, and consist of a numl)or of closely packed, very narrow 
and fusiform, cells {gudatory cells). This central core of gustatory 
cells is enclosed in a single layer of broader fusiform cells (cnrasiny 



Fxg. 288.— Veitical section of a circumvallato papilla of tho calf 1 and 8, Epitiielial layers covering 
it; 2, taste-buds; 4 and 4', duct of Ebnor’s gland opoiimg out into tho pit in which the papilla 
18 situated ; 5 and 0, nerves lamifymg within the papilla. (ICngolmann.) 


cells). The gustatory colls tiuaninate in line still' spikes which 
project on the free surface (fig. 291, a). 

Taste -luids are also scattered over the posterior third of the 
tongue, the palate and the pharynx, as low as the posterior (laryngeal) 



Fio. 289 —Surface and section of the fungiform papill.c A Tho surface of a fungiform papilla, partially 
denuded of it.s epithelium ; secondary painlhe ; e, epithelium B Section of a fungiform papilla 
with tho blood-ve.ssels injected; a, artery, v, vein; c, capillary loops of papillie in the neighbouring 
structure of tho tongue; d, capillary loops of the secondary papilhc; e, epithelium (From 
Kolliker, after Todd and Bowman ) 

surface of the epiglottis. Tlie gustatory cells in the interior of the 
taste-buds are surrounded by arborisations of nerve-fibres. 

The arrangement of papillae, taste-buds, etc., varies a good deal in different 
animals. The papilla foliata of the rabbit’s tongue consists of a number of closely- 
packed papillae very .similar to the circumvallate pajjillae of man ; this forms a 
convenient source for the histological demonstration of taste-buds- 
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The middle of tlie dorsum of llie tongue is l)ut feebly endowed 
sense of taste; the tip and margins, and especially the 
” posterior third of the dorsum 



Fid 290. — Filiform papilla-, one with cpitlicliuni, 
the other without ■'/ — p, The substaiieo ot the 
papillic dividing at tlmir upper extremities into 
secondary papill.e ; a, artery, ami v, vein, dividing 
into capillary loops; e, epitlielial covei mg lamin- 
ated between the papilla-, but extended into hair- 
like processes, /, from the extremities of the 
secondary pa]nll,e (From Kulliker, after Todd 
and Bowman ) 


(i.e., in th(3 region of tho taste- 
buds), possess this faculty. 
The anterior part of the 
tongue is siij^plied liy the 
chorda tympani, whicli runs 



Flo 201 - Taste-bud from dog’s epiglottis 
(laryngeal surface near tho base), precisely 
.similar m structure to those found in 
the tongue Depression m epithelium 
over bud; below tlie letter are seen the 
lino hau’-like proce.ssos m whicli the colls 
terinmate; c, two nuclei of tlie axial 
(gustatory) cells. The more superlicial 
nuclei belong to tlio superlicial (encasing) 
Cells; tho converging lines indicate the 
fusiform shape of the encasing cells. X 400. 
(Scholiold ) 

with tlie lingual hranch of 
the fifth nerve and the pos- 
terior third by tho glosso- 
])haryngeal nerve. The lingual 
nerve is the nerve of general 
sensation of the tongue. The 
taste fibres from the anterior 


two-thirds of the tongue run in the lingual hranch of the fifth nerve, 
leave it to enter the chorda tympani, and join the facial (seventh 
nerve). Their cells of origin lie in the geniculate ganglion of the 
facial. The central axons go in the jiars intermedia to end in the 
upper end of tho nucleus solitarius. The taste fibres from the 
})()sterior third of the tongue jiass in the glosso-])haryngeal nerve; 
their parent cells are in the petrous ganglion anti their central axons 
constitute tho main part of the fasciculus solitarius. The taste 
nuclei in the brain stem are interconnected, and relay fibres 
eventually reach the cerebrum in the region of the uncus. 
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Tastes may be claasified into — 

1. Sweet. 2. Bitter. 

3. Acid or Sour. 4. Salt. 

Whether alkaline and metallic tastes are elementary is as yet 
undecided. All the above affect to a varying extent the nerves of 
tactile sense as well as those of touch proper, sweet having the least, 
acids the most marked action upon the latter. Sweet tastes are best 
appreciated by the tip, acid at the side, and bitter tastes at the 
back of the tongue. 

The substance to be tasted must be dissolved ; here there is a 
striking contrast to the sense of smell; flavours are really odours. 
In testing the sense of taste in a patient, the tongue should be 
protruded, and drops of the substance to be tasted applied with 
a camel’s hair brush to the different parts ; the subject of the 
experiment must signify his sensations by signs, for if he with- 
draws the tongTie to speak, the material gets widely spread. The 
more concentrated the solution, and the larger the surface acted on, 
the more intense is the taste; some tastes are perceived more 
rapidly than others, saline tastes the most rapidly of all. The best 
temperature of the substance to be tasted is from 10° to 35° C. 
Very high or very low temperatures dcad(m the sense. 

Individual papilhc, when thus treated with various solutions, show 
great diversity : from some only one or two tastes can be evoked, from 
others all four. The papillse may also be stimulated electrically. 

Cocaine and gynmemic acid, prej^ared from the leaves of the 
plant Gymnema sylvestre, act deleteriously, chiefly on the bitter 
and sweet tastes ; cocaine abolishes especially the bitter, gyrnnemic 
acid especially the sweet, leaving the salt and acid tastes almost 
untouched. 

It will thus bo seen that there are many facts pointing to the 
conclusion that the varieties of gustatory, like those of cutaneous 
sensation, are due to the stimulation of different end-organs. 

When diluted sweet and salt solutions are simultaneously 
applied to the tongue, they tend to neutralise one another, but 
a true indifferent point is difficult or impossible to reach. Sweet 
and bitter, sweet and acid liquids are antagonistic to a similar but 
less perfect extent. Contrast-effects of one taste upon another are 
matters of common observation, but can be experimentally investigated 
only with difficulty. 

Smell. 

The entrance to the nasal cavity is lined with a mucous 
membrane closely resembling the skin. The greater part of the 
rest of the cavity is lined with ciliated epithelium; the corium is 
thick and contains numerous mucous glands. The olfactory region 
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in man is limited to a portion of tlie membr.ane covering the upper 
turbiiial hone, and the adjacent portion of tlie nasal septum; it is 
only 245 square millimetres in area. The cells in the epithelium 
here are of several kinds: — first, columnar cells not ciliated (fig. 

292, st), with the l)road end at the 
surface, and below tapering into 
an irregular branched process or 
processes, the terminations of which 
pass into the next layer : the second 
kind of cell (fig. 292, r) consists 
of a small cell body with large 
spherical nucleus, situated between 
the ends of the first kind of cell, 
and sending upwards a process to 
the surface between the cells of the 
first kind, and from the other pole 
of the nucleus a process towards 
the corium. The latter process is 
very delicate, and may bo varicose. 
The upper process is prolonged 
beyond the surface, where it becomes stiff, and in some animals, 
such as the frog, is provided with hairs. These cells, which are 



olfactory nerves passing througli the foramina of the cribriform plate, and descending to be distri- 
buted on the septum ; 2, tlio internal or septal twig of the naso-ciliary branch of the oplithalmic 
nerve ; 8, naso-palatine nerves. (From Sappey, after Hirschfold and Lovoille.) 

called olfactorial cells, are numerous, and the nuclei of the cells not 
being on the same level, a comparatively thick nuclear layer is the 
result. They are in reality bipolar nerve-cells. In the corium are a 
number of serous glands called Bowman’s glands. They open upon 
the surface by fine ducts passing up; between the epithelium cells. 



Fio. 21)2.— Cells from the olfactory region of 
the rabbit, st, Supporting coll.s; r, r', 
olfactorial cells ; /, ciliated cells ; s, cilia- 
like processes ; h, colls from Bowman’s 
glands. (Sti)hr.) 
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The distribution of the olfactory nerves wliich penetrate the 
cribriform plate of the ethmoid bone and pass from this region to 
the olfactory bulb is shown in fig. 293. The nerve-fibres are the 
central axons of the bipolar nerve-cells we have termed olfactorial ; 
the columnar cells between these act as supports to them. 

The olfactory bulb has a more complicated structure ; above there 
is first a continuation of the olfactory tract (white fibres enclosing 
neuroglia); below this four layers are distinguishable; they are 
shown in the accompanying diagram from Eamon y Cajabs work, the 
histological method used being Golgi’s. 



Fig, 294 —Nervous mechanism of the olfactory apparatus A, bipolar cells of the olfactory apparatus 
(Max Scliultzo’s olfactorial colls), B, olfactory glomeruli; C, mitral cells; D, granule of white 
layer, E, external root of the olfactory tract; F, grey matter of the sphenoulal region of the 
coitex ; a, small cell of the mitral layer; h, basket of a glomerulus ; c, spiny basket of a granule; 
e, collateral of the axis-cylinder process of a mitral cell; /, collaterals terminating in the outer 
fibre layer of tlie olfactory cortex (arclnpalliuin); g, superficial triangular colls of the cortex; 
h, supporting epithelium cells of the olfactory mucous membrane. (Ilamon y Cajal.) 

(1) A layer of white fibres containing numerous small cells, or 
granules'' (d). 

(2) A layer of large nerve-cells called ''mitral cells" (c), with 
smaller cells {a) mixed with them. The axons of the mitral cells 
pass up into the layer above and eventually become fibres of the 
olfactory tract E, which passes to the grey matter of the base of the 
brain F. They give off numerous collaterals on the way {e,f). 

(3) The layer of olfactory glomeruli (b). Each glomerulus is a 
basket-work of fibrils derived on the one hand from the terminal 
arborisations of the mitral cells, and on the other from similar 
arborisations of the non-medullated fibres which form the next 
layer. 

(4) The layer of olfactory nerve-fibres, — These are non-medullated ; 
they continue upwards the bipolar olfactory cells, which are placed 
among the epithelial cells of the mucous membrane. 


796 


TASTE AND SMELL 


[CH. LVIL 


The hbr(‘s from tlie ol factory mucous meinbrauo ]>ass through the 
cribriform ])late at the base of the skull to end round cells in the 
olfactory bulb, which in animals which d(^])end on smell is very 
well develo 2 )ed. A new relay arises here constituting the olfactory 
tract. 

The olfactory tract is an outgrowth of the brain, which is 
originally hollow, and remains so in many animals; in man the 
cavity is obliterated, and the centre is occupied by neuroglia : 
outside this the white fibres lie, and a thin superficial layer of 
neuroglia covers these. The two white “ roots ” of the olfactory tract 
have been traced to the uncinate gyrus and hippocampal regions of 
the same side of the brain, which is the portion experimentally 
found to be associated with the reception of olfactory impulses. 
From the cells of the grey matter here fibres pass by a complex 
path to the corresponding regions of the opposite side. There is 
also a communication via the fornix and corpora mammillaria with 
the thalamus and tegmentum of the mid-brain. 

Animals may bo divided into three classes : — those which, like the 
porpoise, have no sense of smell {aiiosmatic ) ; those wliich possess it in 
comparatively feeble degree (man, most primates, monotremes, and 
some cetacea) ; these are called microsmatic. In man the thickness 
of the olfactory membrane is only 0 06 mm. Most mammals arc in 
contradistinction macrosmatic, the thickness of the membrane being 
O'l mm. or more, and its area larger. 

The mucous membrane must be neither too dry nor too moist ; if 
we have a cold we are unable to smell odours or appreciate flavours 
(which are really odours). When liquids are poured into the nose, 
their smell is imperceptible, as they damage the olfactory epithelium, 
owing to the difference of osmotic pressure. But even if a “ normal ” 
saline solution of an odorous substance is substituted, the sense of 
smell is still lost so long as air-bubbles are carefully excluded from 
the nasal cavity. It is therefore necessary that odorous substances 
should be in a gaseous state in order to act upon the olfactory 
nerve-endings ; they are normally conveyed to the olfactory surface 
by the air currents passing through the nose. 

Generally, the odours of homologous series of compounds increase 
in intensity with increase of molecular weight, but bodies of very low 
molecular weight are odourless, while vapours of very high molecular 
weight, which escape and diffuse slowly, have little or no smell. A slight 
change in chemical constitution may produce marked alteration in 
the character of the odour of a substance ; certain modes of atomic 
grouping within the molecule appear to be more odoriferous than 
others. Attempts have been made to discover the elementary sensa- 
tions of smell, but hitherto with scant success. Many odours have 
unquestionably a complex physiological effect. For example, when 
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nitrobenzol is held before the nose, it yields first the smell of 
heliotrope, next the smell of bitter almonds, and finally the smell 
of benzene; just as if different end-organs became successively 
fatigued. Some substances have a very different smell according 
to their concentration. Chemical dissociation, too, unquestionably 
plays a prominent part. 

Nevertheless, there are certain observations which indicate the 
existence of primary sensations of smell. .First, some persons are 
congenitally insensible to one or more odours, but yet smell others 
quite normally. Hydrocyanic acid, mignonette, violet, vanilla, 
benzoin, are substances which appear to certain people to have no 
smell. Secondly, some odorous bodies, when simultaneously given, 
antagonise one another; others produce a mixed smell. 'Idiirdly, 
fatigue of the epithelium with one odour will modify or abolish the 
effect of some smells, but will leave that of others untouched. 

Idle delicacy of the sense of smell is most remarkable even in man. 
Valentin calculated that even ooo grain of musk can be dis- 
tinctly smelled. Solutions of camphor afford a good means of testing 
olfactory acuity. Two tubes of camphor solution are presented to the 
subject along with two tubes of water, and the former pair is replaced 
with weaker and weaker solutions until it is indistinguishable from 
the tubes containing water. Pungent substances, such as ammonia, 
are unsuited for olfactometrical experiment. They stimulate the 
endings of the fifth (trigeminal) as well as those of the olfactory 
nerve. 



798 


NOTES 


[CH. LVIL 



OHAPTEK LVIII 


HEARING 

Anatomy of the Ear 

The Organ of Hearing is divided into three parts, (1) the external, 
(2) the middle, and (3) the internal ear. 

External Bar. — The external ear consists of the ]oin7ia and 
the extm'iial auditovT/ 77uatus. The central hollow of the former is 
named the coiiclm. The anditoiy meatus, with a slight arch directed 
upwards, passes inwards and a little forwards to the memhrana 
tynipani, to which it thus serves to convey the vibrating air. 

Middle Ear or Tympanum. — The middle ear, or tympanum or 
drum ( hg. 295), is separated by the menibroMct tympaiii from the 
external auditory meatus. It is a cavity, the only opening of 
which to the external air is through the Eustachian tube (E.T., 
fig. 295). The walls of the tympanum are osseous, except where 
apertures in them are closed with membrane, as at the fmesh'a 
rotunda and fenestra ovalis, and at the outer part where the bone 
is replaced by the membrana tympani. Its cavity is lined with 
mucous membrane, which is continuous through the Eustachian tube 
with that of the pharynx. A chain of small bones extends from 
the membrana tympani to the fenestra ovalis. 

The 7nemlra7ia tynijia^ii is placed in a slanting direction at the 
bottom of the external auditory canal, and consists of fibres, some 
running radially, some circularly; its margin is set in a bony groove ; 
its outer surface is covered with a continuation of the cutaneous 
lining of the auditory canal, its inner surface with the mucous 
membrane of the tympanum. 

The ossicles are three in number; named malleus, incus, and 
stapes. The malleus, or hammer-bone, has a long slightly-curved 
process, called its handle, which is inserted vertically between the 
layers of the membrana tympani. The head of the malleus is 
irregularly rounded; its neck, or the line of boundary between the 
head and the handle, supports two processes: a shoid conical one, 
and a slender one, 2 ^'i'ocessus gracilis, which extends forwards, and is 
attached to the wall of the cavity at the Glaserian fissure. The 
incus, or anvil-bone, shaped like a bicuspid molar tooth, is articulated 
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by its broader part, corresponding with the surface of the crown of 
the tooth, to the malleus. Of its two processes, one, directed back- 
wards, has a free end attached by ligament to the wall ; the other, 
curved downwards, longer and more pointed, articulates with the 
stapes, a little bone shaped like a stirrup, of which the base fits 
into the membrane of tlie fenestra ovalis. 

The muscles of the tympanum are two in number. Tlie tensor 
tympani arises from the cartilaginous end of the Eustachian tube 



Fiq. 20.5 ,— .'1111 of ear. TM, tympanic membraiio; M, malleus; I, incus; S, stapes; SC, semi* 
ciicular canal; KO, lui amen ovale ; FH, foramen rotundum ; KT, Eustachian tube; A, ampulla; 
V, vestibule and utiicle; S, s.iccule fiom which CK, the canal reuniens (cut acioss) connects 
with CC, the canal ot the cochlea; SV, scala vestibuli ; ST, scala tympani; 8 N, eif^hth nerve 
In constiucting the diagiam the vaiious stiuctuies have been shown in one pl.ane, but actually 
the cochlea lies anteiior to the semicircular canals. The lengthening of the basilar membrane 
towards the apex of the cochlea is shown in the left side only. 

and the adjoining surface of the sphenoid, and from the sides of 
the canal in which the muscle lies; the tendon of the muscle 
bends at nearly a right angle over the end of the processus cochleari- 
formis and is inserted into the inner part of the handle of the 
malleus. The stapedius is concealed within a canal in the bone 
in front of the aipieductus Eallopii. Its tendon is inserted into 
the neck of the stapes jiosteriorly. 

The Internal Bar. — The proper organ of hearing is formed by the 
distribution of the auditory nerve, within the internal ear, or lahy- 
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rinth, a set of cavities within the petrous portion of the temporal 
bone. Tlie bone which forms the walls of these cavities is denser 
than that around it, and forms the osseous lahi/riuth ; the membrane 
within the cavities forms the memhranous labyrinth. The mem- 
branous labyrinth contains a fluid called ; while outside 

it, between it and the osseous labyrinth, is a fluid called 'perilym'ph. 
This fluid is not pure lymph, as it contains mucin. 

The osseous labyrinth consists of three principal parts, namely, 
the vestibule, the cochlea, and the semicircular canals. 



Fkj. 296 — llight bony labyrinth, viewed 
from the outer side The specimen 
hero represented is prepare<l by sepa- 
rating piecemeal the looser substance 
of the petrous bone from the dense 
walls which immediately enclose the 
labyrinth. 1, The vestibule , 2, fen- 
estra ovalis ; 8, .superior semicircular 

canal; 4, horizontal or external canal; 
5, posterior canal ; *, ampulhe of the 
s emicircular mnals lirst turn of 

"tire "coclilea ; 7, second turn ; 8, apex ; 
9, fenestra rotunda. The smaller Hgure 
m outline below shows the natural size 
(Sommoring.) 





Fxo. 297.— View of tho interior of the left 
labyrinth. The bony wall of the laby- 
rinth IS removed superiorly and exter- 
nally. 1, llecessus ellipticus ; 2, Uecea- 
sus sphiericus ; 8, common opening of 
the superior and posterior semicircular 
canals ; 4, opening of the aqueduct of 
the vestibule ; 6, tho superior, 6, the 
posterior, and 7, the external semicir- 
cular cai^als ; 8, spiral tube of tho 

cochlea (scala tyinpani) ; 9, opening of 
the aqueduct of the cochlea ; 10, placeii 
on the lamina spiralis in the scala' ves- 

tibuli. . (Sommoring. ) 


The vestibule is tho middle cavity of the labyrinth, and the 
central chamber of tho auditory apparatus. It presents, in its 
inner wall, several openings for the entrance of the divisions of the 
auditory nerve ; in its outer wall, the fenestra ovalis (2, fig. 296), 
an opening filled by membrane, in which is inserted the base of the 
stapes ; in its posterior and superior walls, five openings by which 
the semicircular canals communicate with it: in its anterior wall 
an opening leading into the cochlea. The semicircular canals have 
already been described in relation to Posture. 

The membranous labyrinth corresponds in general form with 
the osseous labyrinth. The vestibule contains two membranous 
sacs, named the utricle and the saccule (fig. 298) ; the utricle com- 
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Fia. 298.— Diagram of tho right mem- 
branous labyrinth. U, utricle, into 
wliicli tlie tliree semicircular canals 
open ; S, saccule, communicating 
with the cochlea (C) by O.R., the 
canalis reunions, and witli the utricle 
by a canal having on it an enlarge- 
ment, tho saccus, endolymphaticus 
(S.B.) The black shading repre- 
sents the places of termination of 
the auditory nerve, namely, in tho 
macute of the utricle and saccule; 
tho cristtfi in the ampullary ends of 
tho three semicircular canals ; and 
in the whole length of the canal of 
the cochlea. (After Schafer.) 


municates with the three membranous semicircular canals; the 
saccule communicates with the utricle 
and with the ca7ial of the cochlea. The 
vestibular division of the auditory nerve 
is distributed to the five spots shown in the 
diagram, namely, the macuhe of utricle 
and saccule, and the cristse of tho semi- 
circular canals. The cochlear division of 
the auditory nerve is distributed to the 
whole length of the canal of tho cochlea. 

The Cochlea. — This is shaped like 
a snail’s shell. It is traversed by a 
central column or modiolus, around 
which a spiral canal winds with two 
and a half turns from base to apex. 
It is seen in vertieal seotion that 
this canal is divided partly by bone 
(the spiral lamina), partly by mem- 
brane (the basilar membrane), into two 
spiral staircases or scalse, the scala 
tympani and scala vestibuli (fig. 299). 
The scala vestibuli is separated from 
the tympanum by the membrane of the fenestra ovalis, and the 
scala tympani is similarly separated from the tympanum by the 
membrane of the fenestra i 

rotunda. Both scal(B are 
filled with perilymph. The 
basilar membrane increases in ' ' 
breadth from the base towards , 

the apex of the cochlea, ri 

It contains fibres (about 
24,000 in all) embedded 
in a homogeneous matrix 
and running radially, from 
the spiral lamina to the spiral 
ligament, where its other end 
is again attached to the bone. 

At the apex of the cochlea, 
the lamina eiA^ in a small 
hamulus, tJ^^Ber and con- 
cave pari^^H^hich being 
detached the summit 

of the nBRlus, leaves a 
small aperture named the 
helicoU'ema, by which the two scalie, separated in all the rest 
of their length, communicate. 



Fio. 299.— Section through one of the coils of the cochlea. 
ST, scala tympani; SV, scala vestibuli; GO, canalis 
cochlea; ; K, membrane of Reissner ; Iso, lamina spiralis 
ossea; Us, limbus laminse spiralis; t, membrana 
tectoria (below the membrana tectoria is the lamina 
reticularis); ft, membrana basilaris ; Co, rods of Corti. 
(Hallpik(;.) 
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Besides the scala vestibuli and scala tympani, there is a third 
space between them, called scala media or canal of the cochlea {CG, 
fig. 299). In section it is triangular, its external wall being formed 
by the wall of the cochlea, its upper' wall (separating it from the 
scala vestibuli) by the membrane of Eeissner, and its lower wall 
(separating it from the scala tympani) by the basilar membrane; 
these two meet at the outer edge of the bony lamina spiralis. 
Following the turns of the cochlea to its apex, the scala media there 
terminates blindly; at the base of the cochlea a narrow passage 
(canalis reunions) unites it with the saccule. The scala media (like 
the rest of the membranous labyrinth) contains endolymph. 



Kio. SOO.— Vortical section of the organ of Corti from the dog. 1-2. membrana basilaris; a, ijro- 
lougation of tympanal periosteum of lamina spiralis ossea ; e, blood-vessel ; o and n, base or foot 
of inner p illar of organ of Corti, r, s, p, tliree external hair-cells; x, supporting cell of Deiters; 
8-4,'iklnina reticularis, contiimoU8«with f, membrana tectoria ; Co, rods of Corti. (Hallpiko.) 


Organ of Corti. — On the basilar membrane are arranged cells 
of various shapes. About midway between the ouler edge of the 
lamina spiralis and the outer wall of the cochlea are situated the 
rods of Corti. Viewed sideways, they are seen to consist of an 
external and internal pillar, each rising from an expanded foot or 
base attached to the basilar membrane (o, n, fig. 300). They slant 
inwards towards each other, and each ends in a swelling termed 
the head; the head of the inner pillar overlies that of the outer. 
Eaeh pair of pillars forms a pointed roof arching over a space, and 
by a succession of them a tunnel is formed. 

The pillars in proceeding from the base of the cochlea towards 
its apex progressively increase in length, and become more oblique ; 
in other words, the tunnel becomes wider, but diminishes in height 
as we approach the apex of the cochlea. Leaning against the rods of 
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Corti are certain other cells called hair-cells, which terniinate in small 
hair-like processes. There are several rows of these on the outer 
and one row on the inner side. Between them are certain sup- 
porting cells called cells of Deiters (fig. 300, x). This structure rests 
upon the basilar membrane; it is roofed in by a fenestrated mem- 
brane or lamina reticularis into the fencstne of which the tops of 
the various rods and cells are received. When viewed from above, 
the organ of Corti shows a remarkable resemblance to the key- 
board of a piano. The top of the organ is roofed by the membrana 



Fio. 301.— Cochlear division of the auditory nerve, r, Kestifonn body ; V, descending root of the fifth 
nerve; tub.cic., acoustic tubercle; nacc., accessory nucleus; s o , superior olive; n tr. trapezoid 
nucleus ; n VI., nucleus of the sixth nerve; Vf., issuing fibre of sixth nerve. (Schafer.) 


tectoria (fig. 300, t) which extends from the end of the limbus 
(lls, fig. 299), a connective-tissue structure on the spiral lamina. 
The spiral (jawjlion from which the cochlear nerve-fibres originate is 
situated in the spiral lamina. 

The fibres of the cochlear nerve take origin from the bipolar 
nerve-cells of the spiral ganglion of the cochlea; the peripheral 
axons ramify among the hair-cells of the organ of Corti, and the 
central axons pass towards the pons; as they enter they bifurcate, 
and some pass to and arborise round a collection of nerve-cells 
situated between the two roots and the restiform body, called dlie 
accessory auditory nucleus; the remaining fibres terminate similarly 
in a collection of cells in tlie grey matter overlying the restiform 
body, and extending into the ventricular floor in its widest part. 
This is called the ganglion of the root, and the mass of grey 
matter is termed the acoustic tubercle. The auditory path is con- 
tinued by new axons that arise from these cells. Those from the 
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accessory nucleus enter the trapezium, and pass in it partly to the 
superior olive and trapezoid nucleus of the same side, but mainly 
to the corresponding nuclei of the opposite side; some fibres end 
here, others traverse the nuclei, and merely give off collaterals to 
them; they then turn upwards in the lateral fillet, and so reach the 
inferior C. quadrigemina. The fibres which arise in the acoustic 
tubercle pass superficially over the floor of the ventricle, forming the 
strim acoustim ; having crossed the raphe, they join the fibres from 
the accessory nucleus in their course to the superior olive and fillet. 
Jfere again, however, a few fibres pass to the fillet of the same 
side. Fibres from the superior olive reach the nucleus of the sixth 
nerve and through the posterior longitudinal bundle the third and 
fourth nerve nuclei. Their presence partly explains movements of 
the eye in response to a sound. The lateral fillet communicates with 
the inferior corpus quadrigeminum and the internal geniculate body. 
From the latter the auditory radiation is distributed to the cortex 
of the temporal lobe, especially the transverse temporal gyri which 
lie on the upper surface of the superior temporal gyrus concealed 
within the posterior limb of the fissure of Sylvius. 


Physiology of Hearing. 

Sounds are caused by vibrations ; when a piano-string is struck, 
it is thrown into a series of rapid regular vibrations ; the more 
rapidly the vibrations occur the higher is the jpitch of the musical 
note; the greater the amplitude of the vibration, the louder or 
more intense is the tone; if the vibrations are regular and simple 
(pendular), the tone is pure ; if they are regular but compound, the 
tone is impure, and its quality or timbre is dependent on the rate 
and amplitude of the simple vibrations of which the compound 
vibrations are composed. The vibrations are transmitted as waves, 
and ultimately affect the hair-cells at the extremities of the 
auditory nerve in the cochlea. In the external ear the vibrations 
travel through air; in the middle ear through solid structures — 
membranes and bones ; and in the internal ear through fluid. 

This is the normal way in which the vibrations pass, but the endolymph may be 
affected in other ways, for instance through the other bones of the head ; one can, 
for example, hear the ticking of one’s watch when it is placed between the teeth, 
even when the ears are stopped. From this fact is derived a valuable practical 
method of di.stinguishing in a deaf person what part of the organ of hearing is at 
fault. The patient may not be able to hear a watch or a tuning-fork wl\en it is held 
close to the ear ; but if he can hear it when it is placed between his teeth, or on his 
forehead, the malady is localised in either the external or middle ear ; if he can hear 
it in neither situation, it is a much more serious case, for then the internal ear or the 
nervous mechanism of hearing is at fault. In disease of the middle ear the hearing 
of low tones is especially affected ; high tones appear to be transmissible by bone- 
conduction more readily than low. 
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In connection with the external ear there is not much more to be 
said ; the pinna in many animals is large and acts as a kind of natural 
ear-trumpet to collect the vibrations of the air ; in man this function 
is to a very great extent lost, and though there are muscles present to 
move it into appropriate postures, they are not under the control of the 
will in the majority of people, and are functionless, ancestral vestiges. 

The Memhrana Tympani. — This membrane, unlike that of 
ordinary drums, can take up and vibrate in response to an 
immense range of tones differing from each other by many octaves. 
This would clearly be impossible if it were an evenly stretched 
membrane. It is not evenly nor very tightly stretched, but owing 
to its attachment to the chain of ossicles it is slightly funnel-shaped : 
the ossicles also damp the continuance of the vibrations. 

When the membrane gets too tightly stretched, by increase or 
decrease of the pressure of the air in the tympanum, then the sense 
of hearing is dulled. The pressure in the tympanic cavity is kept 
the same as that of the atmosphere by the Eustachian tube, which 
leads from the cavity to the pharynx, and so to the external air. 
The Eustachian tube is not, however, always open ; it is opened by 
the action of the tensor palati during swallowing. When the tube is 
closed — this often happens owing to swelling of the mucous membrane 
in inllammation of the throat — an interchange of gases takes place 
between the imprisoned air and the blood of the tympanic vessels. 
In time, as in the acrotonometer, equilibrium is established and the 
tension of the imprisoned gases becomes equal to that of the blood 
gases, not to that of the atmosphere. The membrane is therefore 
cupped inwards by the atmospheric pressure on its exterior ; it is by 
this increased tightening of the membrane that deafness is produced. 
There is also an accumulation of mucus. When one makes a 
violent expiration, as in sneezing, some air is often forced through 
the Eustachian tube into the tympanum. The ears feel as though 
they were bulged out, as indeed the membrana tympani is, and 
there is again partial deafness, which sensations are at once relieved 
by swallowing, so as to open the Eustachian tube and thus re- 
establish equality of pressure. 

The ossicles communicate the vibrations of the membrana 
tympani to the membrane which closes the fenestra ovalis (to which 
the foot of the stapes is attached). Thus the vibrations are 
communicated to the fluid of the internal ear, which is situated 
on the other side of the oval window. 

The handle of the malleus vibrates with the membrana tympani ; 
and the vibrations of the whole chain take place round the axis of 
rotation AB (fig. 302). Every time C comes forwards 1) comes for- 
wards ; but by drawing perpendiculars from G and D to the axis of 
rotation, it is found that D is about § of the distance from the axis 
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that C is. So in the transmission of the vibrations from membrane to 
membrane across the bony chain, the amplitude of the vibration 
is decreased by about I, and the force is correspondingly in creased . 
This increase of power is augmented by the fact that the Tympanic 
membrane concentrates its power upon an area (the membrane of 
the oval window) only one-twentieth of its size. The final^mpvement 


of the stapes is, however, always 
very small; it varies from to 




less than 


of a millimetre. 



In one direction the ossicles 
move as if they were one. Thej^- 
advantage of their being several ^ 
is that movements which move 
the membrane outwards do not ^ ^ 
move the incus. The increase of 
pressure on the inner side of the 
tympanic membrane caused there- 
fore by blowing the nose is not 
communicated to the cochlea. 

The action of the tmsor tympaniy 
by pulling in the handle of the 
malleus, increases the tension of the membrana tympani. It is 
supplied by the fifth (trigeminal) nerve. It is opposed by the 
strong external ligament of the malleus. The stapedius attached to 
the neck of the stapes tilts it backwards and diminishes the intra- 
tympanic air-pressure. It is supplied by the seventli (facial) nerve. 

The next very simple diagram (fig. 30P)) will explain the use of 
the fenestra rotunda. ' 'r’y 

/) F.Ovalis 


foot of 
Stape^ 


Fia. 802.— Diagrammatic view of ear ossicles. 







Scala Vestibuti (Perilymph) 


F. Rotunda 


Scala Tympani (Perilymph) 

V 


tyd//- 

Helicotrema 


vr 


Fig. 303. —Diagram to illustrate the use of the fenestra rotunda. The intervention of tlie vestibular 
perilymph between the f. ovalis and the scala vestibuli is not shown 


The cochlea is supposed to be uncoiled ; the scala vestibuli leads 
from the vestibule, in which is situated the fenestra ovalis, to the 
other side of which the stapes is attached; the scala tympani 
leads to the fenestra rotunda; the two scalic communicate at the 
helicotrema, and are separated from the canal of the cochlea by 
the basilar membrane, and the membrane of Eeissner. C. E. is 
the canalis reuniens leading to the saccule. The cochlea is filled 
with incompressible fluid in an inexpansible bony case, except 
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where the windows are closed by membranes. Hence every time 
the membrane of the oval window is bulged in by the stirrup, 

the meiiibrane of the round window is simultaneously bulged out 

to the same extent, and vice versa. These changes of pressure are 
transmitted from one scala to the other directly through the cochlear 
canal, which is set into vibration, and through the helicotrema. 

The range of hearing extends over 10 or 11 octaves; the lowest 
audible tone having about 20, tlie highest about 25,000, vibrations 
per second. The range varies in different people, and diminishes 
from childhood onwards. The upper limit of hearing may be tested 
by minute tuning-forks, metal rods, or by Galton’s whistle. Many 
animals appear to be able to detect high tones which lie beyond the 

human limit. The lower limit may be determined by very large 

tuning-forks, or by employing very low difference-tones. 

Difference-tones are produced when two tones of different pitch, 
m and n, are sounded together. A tone having the pitch m minus n 
is then heard in addition to the tones m and 7i : also a summation 
tone of pitch m plus n may be heard, but with greater difficulty. 
When m and 7i are nearly eoual. a beat| ng tone, instead of a difference- 
tone, results, having a pitch somewliere intermediate between m and n. 
If the difference between m and n is exceedingly small, this beating - 
tone alone is heard. The frequency of the beats corresponds to the 
difference in vibration-rates, m and n. Under certain conditions 
the difference and summation-tones (which are collectively called 
combination-tones) exist in the air; their presence is demonstrable 
by their reinforcement before appropriate resonators. More generally, 
however, they appear to be produced within the ear, ie., they have 
merely a subjective origin. The smallest perceptible difference in 
pitch between two successive tones is about 0’2 vibrations in the 
middle region of the piano for trained subjects. Practice effects 
extraordinary improvement, even among the most unmusical. 

The Analysis of Sound. 

It is now generally agreed that the appreciation of sound depends 
on the basilar membrane. Tliis membrane, as we have seen, separates 
tlie scala tympani from the canal of the cochlea and it is evident 
that it may be caused to vibrate by pressure waves set up in the 
perilymph of the scala tympani. The wave movements of the 
perilymph are made possible by the flexibility of the membrane 
closing the foramen rotunduin. There have, however, been different 
opinions as to how and where the analysis of the sound takes place. 
It has been suggested (Rutherford and Wriglitson) that the basilar 
membrane vibrates like a teleplione receiver and impulses are set 
up which are conveyed to the brain as by telephone, the actual 
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analysis taking place in the brain. This appears unlikely, as, on 
one hand, we know of no cerebral mechanism by wliich such 
an analysis would take place and it has been calculated that the 
nerve could not carry the recpiired number of impulses because of 
its refractory period. Moreover, it would not seem necessary to have 
such an elaborate structure as the cochlea for such a function. It 
has also been suggested (Waller-Ewald) t^atjjin^asilar membrane 
itself might analyse such wave patterns^aSco^li^ to the different 
parts thrown into motion. Tins avoids thB--thfft^lties suggested in 
relation to the Eutherford liypothesis, but like the latter cannot 
explain the loss of the power to recognise certain groups of notes 
when the membrane is injured in certain parts. 

The view which is now most generally accepted is that originally 
put forward by Helmholtz that the different parts of the basilar 
membrane can vibrate in resonance with a particular wave to which 
they are, as it were, tuned, just as a wire of a piano can be made to 
sound if a note of suitable pitch is struck on another instrument. 

Helmholtz’s view is based on the fact that the fibres of the 
basilar membrane vary appreciably in length, its longest fibres 
at the apex of the cochlea being more than three times the 
length of those at the base, while the structures attached to the 
upper part of membrane have probably more than ten times 
the mass of those attached below. Between the structures are 
intermediate. The long fibres vibrate to notes of 40 vibrations 
per second only, while the short fibres vibrate to those of 4000 
per second. Support to this view is given by the result of 
damage to the cochlea. Animals in which conditioned reflexes 
have been established to low notes lose these reflexes if the apex 
is removed. Boilermakers who become deaf to high notes show 
degeneration of the base of the cochlea, and similarly it is 
claimed that prolonged subjection of an animal to a certain sound 
leads to a corresponding cochlear degeneration. It lias further 
been found possible to make a model which will respond in a 
way similar to that suggested for the cochlea. 

Hartridge has introduced a number of very interesting 
experiments whicE do much to supjiort the Helmholtz theory. He 
has compared the changes in a telephone circuit with what occurs 
when a system of resonators is activated. In each case what is 
heard by the ear corresponds to what happens in a * series of 
resonators. For example, the changing of the phase of a musical 
note by half a cycle does not alter the voltage in a telephone circuit, 
but to the ear there is a momentary interruption at the point of 
change just as would occur if a tuned structure were caused to 
perform resonant vibrations. Also short interruptions of a musical 
sound which would be indiscernible to the ear or in the responses of 
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series of resuiiaiors are quite evident in tlie current of a telephone 
circuit. 

It may bo considered that the vibration of the basilar membrane 
causes a movement of the hair cells which rest upon it. The actual 
stimulation probably takes place as a result of the contact of the 
hair cells with the tectorial membrane which rests upon them. In 
these cells are the endings of the auditory nerve which convey the 
impulses to the brain where their significance is appreciated. It is 
not, however, to be imagined that only one fibre of the basilar 
iiiembrane vibrates at a time, rather we must jji’esume that banks 
of fibres vibrate in harmony with the tones and overtones which 
stimulate the membrane. 
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CirAPTEK LIX 


TilK EYE AND VISION 

The eye])all, together witli vessels and nerves, muscles to move it, 
and a quantity of adipose tissue, are contained in the orbit. In the 
front of the eyeball are the lids and lachrymal apparatus. 

The eyelids consist of two movable folds of skin, each of which is 
kept in shape by a thin plate of fibrous tissue called the tai\ms. 
Along their free edges are inserted a number of curved hairs {eye- 
lashes), which, when the lids are half closed, serve to protect the 
eye from dust and other foreign bodies: the tactile sensibility of the 
lids is very delicate. Embedded in the tarsus are a number of long 
sebaceous glands {Meihomian or tarsal), the ducts of which open 
near the free edge of the lid. In the loose connective tissue in front 
of the tarsus, the bundles of the orbicularis muscle are situated. 

The orbital surface of each lid is lined by a delicate, highly 
sensitive mucous membrane {vonjunctim), which is continuous with 
the skin at the free edge of each lid, and after lining the inner 
surface of the eyelid is rcilectcd on to the eyeball, being somewhat 
loosely adherent to the sclerotic coat or sclera. Its epithelium, which 
is columnar, is continued over the cornea as its anterior epithelium, 
where it becomes stratified. At the inner edge of the eye the 
conjunctiva becomes continuous with the mucous lining of the 
lachrymal sac and duct, which again is continuous with the mucous 
membrane of the nose. 

The eyelids are closed by the contraction of a sphincter muscle 
(orhicularis), supplied by the facial nerve ; the upper lid is raised by 
the levator palpehroi siqierioris, supplied by the third nerve. 

The lachrymal gland, composed of lobules made up of acini re- 
sembling the serous salivary glands, is lodged in the upper and outer 
angle of the orbit. Its secretion, which issues from several ducts on 
the inner surface of the upper lid, under ordinary conditions just 
sudices to keep the conjunctiva moist. It passes out through two 
small openings (puncta lacrimalia) near the inner angle of the eye, one 
in each lower lid, into the lachrymal sac, and thence along the nasal 
duct into the inferior meatus of the nose. The excessive secretion 
poured out under the influence of an irritating vapour or painful 
818 
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emotion ovoi-llowa Iho lower lid in the form of tears. Tim secretory 
nervc.s are contained in the lachrymal and temjioro-malar hranche.s 
of tlio fifth nerve, and in the cervical sympathetic. 


The Eyeball. 

liie eyfihall (fiu;. 304) consists of the followiiiij; structures 



The Sclera or Sclerotic, the ontormost coat, is made of white librous 
tissno and envelops about five-sixths of the eyeball; continuous with 
It, m Iront, and ocoupymo the remaininf; sixth,- is the transparent 
cornea (fig. o04). Immediately witliin tlie sclerotic is the choroid 
coat, and within the choroid is the relirm. The interior of the eyeball 
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is filled by the aqucowi and vitreous humours and the crystalline lens ; 
but, also, there is suspended in the interior a contractile and 
perforated curtain, the iriSy which is continuous with the choroid ; 
it regulates the admission of light; at the 
junction of the sclera and cornea is the 
ciliary muscle, the function of which is to 
adapt the eye for seeing objects at various 
distances. 

The Choroid Goat is the vascular coat 
of the eyeball, and its connective tissue 
contains abundance of branched pigment 
cells. It is separated from the retina by 
a fine elastic membrane {membrane of 
Bruch). 

The choroid coat ends in front in 
what are called the ciliary bodies (figs. 

1304, 306). These consist of from 70 
to 80 meridionally arranged radiating 
plaits, made up of blood-vessels, filirous 
connective tissue, and pigment corjniscles. 

They are lined by a continuation of 
the membrane of Bruch. Tlie ciliary 
processes terminate at the margin of 
the lens. The ciliary nmstie (13, 14, 
and 15, fig. 306) takes origin at the 
corneo-scleral junction. It is a ring of 
muscle, 3 mm. broad and 8 mm. thick, 
made up of fibres running in three direc- 
tions. ((i) Meridional fibres near the 
sclera and passing to the choroid ; {h) 
radial fibres inserted into the choroid 
behind the ciliary processes; and (r) cir- 
cular fibres (muscle of Muller), more 
internal ; they constitute a sphincter. 

The Iris is a continuation of the 
choroid inwards beyond the ciliary pro- 
cesses. It is a fibro-muscular membrane 
perforated by a central aperture, the pupil. 

Posteriorly is a layer of pigment cells 
(uvea), which is a continuation forwards of the pigment layer of the 
retina. The iris proper is made of connective tissue in front with 
corpuscles which may or may not be pigmented, and behind of similar 
tissue supporting blood-vessels. The pigment cells are usually well 
developed here, as are also many nerve-fibres radiating towards the 
pupil. Surrounding the pupil is a layer of circular unstriped muscle. 



Flo. 30.').— Vortical section of rabbit’s 
coniea, stained with Hold chloride. 
e. Stratified anterior epithelium. 
Iinmodiately benoatli this is the 
anterior elastic lamina of Bowman 
n, Nerves forming a delicate sub- 
epithelial plexus, and sending up 
fine twigs between the epithelial 
cells to end in a second plexus on 
the free surface; d, Dosceinot'a 
membrane [lamina elastica pos- 
terior], consisting of a fine elastic 
layer, covered by a layer of cubical 
epithelium ; the substance of the 
cornea, /, is seen to bo libnllated, 
and contains many layers of 
branched corpuscles, arranged 
parallel to the free surface, and 
hero seen edgewise. (Schofield.) 
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the Tn some animals there are also muscle-fibres 

which radiate from tlie sphincter in the substance of the iris forming 



Flo. 806.— Section tlirongh the eye carried through the ciliary processe.*?. 1, Cornea; 2, membrane of 
Descomet; 8, sclera; 8', conieo-scleral junction; 4, canal of Sclilomm ; 5, vein; 6, nucleated net- 
work on inner wall of canal of Schlomm ; 7, lig. pectinatum iridis, a h c; 8, iris ; 9, pigment of 
iris (uvea); 10, ciliary proce.ssos ; 11, ciliary muscle; 12, choroid tissue; is, meridional, and 14, 
radiating fibres of ciliary muscle; 15, ring-muscle of Miillor; 16, circular or angular bundles of 
ciliary muscle. (Schwalbe.) 


the dilator Tlie iris is covered anteriorly by a layer of 

epithelium continued upon it from the posterior surface of the cornea. 

The Lens is situated behind the iris, being enclosed in a distinct 
capsule, the posterior layer of whicli is not so tliick as the anterior. 



behind. 1, Fosterior surface of the iris, 
with the sphincter muscle of the pupil ; 
2, anterior part of the choroid coat; S, 
one of the ciliary processes, of which 
about seventy are represented. 



Fill. 308. — Laminated structure of 
the crystallino Ions. The lamimo 
are split up after liardening in 
alcohol. 1, The denser central 
part or nucleus ; 2, the succes- 
sive external layers, f . 

(Arnold.) 


It is supported in place by the suspensory ligament, fused to the 
anterior surface of the capsule. The suspensory ligament is 
derived from the hyaloid membrane, which encloses the vitreous 
humour. 
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The lens is made up of a series of concentric laminje (fig. 309), 
which, when it lias been hardened, can lie peeled off like the coats of 
an onion. The lamimc consist of long ribbon-shaped fibres, which in 
the course of development have originated from cells. The fibres 
are united by a scanty amount of cement substance. The central 
portion {nucleus) of the lens is the hardest. 

The epithelium of the lens consists of a layer of cubical cells 
anteriorly, which merge at the equator into the lens fibres. The 
development of the lens explains this transition. 

Oorneo- scleral junction. — At this junction the relation of parts 
(fig. 306) is so important as to need a short description. In this 
neighbourhood, the iris and ciliary processes join with the cornea. 
The proper substance of the cornea and the posterior elastic lamina 
become continuous with the iris, at the aiujle of the iris, and the iris 
sends forwards processes towar<ls the posterior elastic lamina, 
forming the ligamentuni pectinatuvi iridis, and these join with fibres 


r 


Fio 30y. — Mendional section throujjli the part of tlie lens of a rabbit 1, Lons capsule; 2, epithelium 
of lens ; 3, transition of the epithelium into the hbros ; 4, Ions hbroa (Bubuclun ) 

of the elastic lamina. The epithelial covering of the posterior surface 
of the cornea is, as we have seen, continuous over the front of the 
iris. At the iridic angle, the comjiact inner substance of the cornea 
is looser, and between the bundles are lymph spaces called the 
spaces of Fontana. They are but little developed in the human 
cornea. 

The spaces lietween the bundles of corneal tissue at the angle 
of the iris are continuous with the larger lympliatic space 
of the anterior chamber. Above the angle at the cornoo-scleral 
junction is a canal, which is called the canal of Schlemm. It is a 
venous channel. 

The Retina apparently ends in front, near the outer part of the 
ciliary processes, in a finely-notched edge — the ora serrata — but is 
really represented by the uvea to the very margin of the pupil. 
The nerve-cells in the retina remind us that the optic, like the 
olfactory nerve, is not a mere nerve, but an outgrowth of the brain. 

In the centre of the retina is a round yellowish elevated spot, 
about 1 mm. in diameter, having a depression in the centre, called 
the macula lutea or yellow spot. The depression in its centre is 
called the fovea centralis. About 2'5 mm. to the inner side of the 
yellow spot, is the point {otitic disc or white spot) at which the optic 
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nerve leaves the eye])all. The optic nerve-fibres are the axons of the 
nervo-colls of tlie retina; the dendrons of these cells ultimately 
communicate with the visual nerve-epithelium (rods and cones). 

Tlie optic nerve passes backwards to the ventral surface of the 
brain enclosed in prolongations of the membranes, which cover the 
brain. This external sheath at the exit of the nerve from the 
eyeball becomes continuous with the sclera, which at this part is 
perforated by holes to allow of the passage of the optic nerve-fibres, 
the perforated part being the lamina crihrosa. The fibres of the 
nerve themselves are exceedingly fine, and are surrounded by the 
myelin sheath, ljut do not possess the ordinary external nerve 
sheath. In tlie centre of the nerve is a small artery, the aHeria 
centralis retince. The number of fibres in the optic nerve is said to 
be upwards of 500,000. 

The retina consists of certain elements arranged in ten layers 
from within outwards (figs. 310, 311). 

1. Memlrana limitans interna . — This so-called membrane in 
contact with the vitreous humour is formed by the junction laterally 
of the bases of the snstentacular or sup 2 ^ortm(j fibres of Muller, which 
bear the same relation to the retina as the neuroglia does to the 
brain. 

2. Optic nerve-fibres . — This layer is of very varying thickness in 
dilforent parts of the retina; it consists of non-medullated fibres 
which interlace, and most of which are the axons of the large 
nerve-cells forming the next layer. 

3. Layer of ganglion cells . — This consists of largo multipolar 
nerve-cells with large and round nuclei, forming either a single 
layer, or in some parts of the retina, especially near the macula 
luiea, where this layer is very thick, it consists of several strata of 
nerve-cells. They are arranged with their single axis-cylinder 
processes inwards. These pass into and are continuous with the 
layer of optic nerve-fibres. Externally the cells send off several 
branched processes which pass into the next layer. 

4. Inner molecular layer. — This presents a finely granulated 
appearance. It consists of neuroglia traversed by numerous fibrillar 
processes of the nerve-cells just described, and the minute branch- 
ings of tlie processes of the bipolar cells of the next layer. 

5. Inner nuclear layer. — This consists chiefiy of numerous small 
round cells, each with a very small quantity of protoplasm surround- 
ing a large ovoid nucleus. The large oval nuclei (fig. 311) belonging 
to the Mullerian fibres occur also in this layer. 

6. Outer molecular layer. — This layer closely resembles the inner 
molecular layer, but is. much thinner. It contains the branchings of 
the rod and cone fibres on the one hand and of the bipolar cells on 
the other. 
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7. External nnchar layer . — This layer consists of small cells 
resembling at first sight those of the internal nuclear layer; they 
are classed as rod and cone granules, according as they are connected 
with the rods and cones respectively, and will be described with 
them. 

8. Membrana limitans externa . — This is a well-defined membrane, 
marking the internal limit of the rod and cone layer, and made up 
of the junction of the sustentacular or Mullerian fibres externally. 



Fio 810 —Diagram sliuwmg the susten- 
tacular lihros of the retina ; f, fihre- 
baskot above tlvo external lumtiug 
inonibrane; m, nucleus of the libre; 
r, base of the libre 

(From M'Kendnck, after Stohr.) 


to •• 



Fiu. 311. — Diagram of retinal elements. In a 
section of the letina the jiigraent and molecular 
layeis aie most evident. (Alodified ftom 
Schultzc.) Foi explanation of numbers see text. 


9. Layer of rods and cones. — This layer is the nerve-epithelium 
of the retina. It consists of two kinds of cells, rods, and cones, 
which are arranged at right angles to the external limiting mem- 
brane, and supported by hair-like processes {basket) proceeding from 
the latter for a short distance (fig. 310). 

Each rod (fig. 311) is made up of two parts, very different in 
structure, called the outer and inner limbs. The outer limb of the 
rods is about 30/4 long and 2 (x broad, is transparent, and doubly 
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refracting. It is said to bo made up of fine superimposed discs. 
It stains brown with osmic acid but not with lisematoxylin, and 
resembles in sonui ways the myelin sheath of a modullated nerve. 
It is the part of the rod in wliich the pigment called visual is 

found. In some animals a few rods have a greenish pigment instead. 
The inner limb is about as long but slightly broader than the outer, 
is longitudinally striated at its outer, and granular at its inner part. 
It stains with hannatoxylin, hut not with osmic acid. Each rod is 
connected internally with a rod fibre, very fine, but here and there 
varicose; in the middle of the fibre is a o^od gramde, really the 
nucleus of the rod, striped broadly transversely, and situated about 
the middle of the external nuclear layer ; the internal end of the rod 
fibre terminates in branchings in the outer molecular layer. 

Each cone (fig. 311), like each rod, is made up of two limbs, 
outer and inner. The outer limb is tapering and not cylindrical like 



Fin 312 — Pigmontod opitluilmm of retina (after Grcofl) A, Surface view ; 71 , nncleue. B, Single 
cell in profile view ; n, free surface ; b, nucleus , c, pignient-froo cytoplasm ; d, pigmented 
cytoplasm ; e, i)igmented processes 


the corresponding part of the rod, and about one-third only of its 
length. There is, moreover, no visual purple found in the cones. 
The inner limb of the cone is broader in the centre. It is proto- 
plasmic, and under the inllueuce of light has been seen to execute 
movements. In birds, reptiles, and amphibia, there is often a 
coloured oil globule present here. Each cone is in connection by its 
internal end with a co7ie fibre, which has much the same structure 
as the rod fibre, but is stouter and has its nucleus {cone granule) 
quite near to the external limiting membrane. Its inner end 
terminates by branchings in the external molecular layer. 

In the rod and cone layer of birds, the cones usually pre- 
dominate largely in number, whereas in man the rods are by 
far the more numerous, except in the fovea centralis, where cones 
only are present. The number of cones has been estimated at 
3,000,000. 
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10. Pigment-cell layer. — This layer consists of a single layer of 
polygonal cells, which send down a beard-like fringe to surround 
the outer ends of the rods. 

Differences in structure of different parts . — Towards the centre 
of the macula lutea all the layers of the retina become greatly 
thinned out and almost disappear, except the rod and cone layer, 
and at the fovea centralis the rods disappear, and the cones are 

long and narrow. K the margin of the fovea the layers 

increase in thickness, and in the rest of the macula lutea 
are thicker than elsewhere. The ganglionic layer is especially 
thickened, the cells being six to eight deep (2, fig. 313). Cone 
nuclei are obliquely disposed (fig. 313) on the course of the 
cone fibres, and are situated at some distance from the membrana 
limitans externa, which is cupped 
towards the fovea (fig. 313). 

The yellow tint of the macula is 
due to a diffuse colouring matter 
in the interstices of the four or 
five inner layers ; it is absent at 
the centre of the fovea. 

It is important to notice what 
is clearly brought out in fig. 311, 
that at the fovea each cone is 
connected to a separate chain of 
neurones, whereas in other regions 
the rods and cones are connected 
in groups to these chains; this 
explains the greater sensitiveness 
of foveal vision which has been confirmed by measurement of the 
excitability of the retina at different points. 

At the ora serraia the layers are not perfect and disappear in 
this order: nerve-fibres and ganglion cells, then the rods, leaving 
only the inner limbs of the cones, next these cease, then the outer 
molecular layer, the inner and outer nuclear layers coalescing, and 
finally the inner molecular layer also is unrepresented. 

At the pars ciliaris retince, the retina consists of a layer of 
columnar cells, which probably represent the Mullerian fibres. These 
cells externally are in contact with the pigment layer of the retina, 
which is continued over the ciliary processes and back of the iris. 
Nervous structures are absent. 

At the exit of the optic nerve the only structures present are 
nerve-fibres. 

The anterior chamber is the space behind the cornea and in 
front of the iris. Between the iris and the lens is the posterior 
chamber. They are filled with aqueous humour (dilute lymph). 



Fio. 313. —Diagram of a section tlirongli half the 
fovea centralis. 2, Ganglionic layer; 4, inner 
nuclear; 6, outer nuclear layer, the cone fibres 
forming the so-called exUrntil fibrous layer , 
7, cones; ml.e., membrana limitans externa; 
mil., membrana limitans interna. (Schafer and 
Golding Bird.) 
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The vitreous humour, which is a jelly-like connective tissue, 
is situated behind the crystuXlinc lens. It is enclosed in the hyaloid 
membrane wliich in front is continuous with the capsule of the 
lens ; round the edge of the lens the canal left is called the Canal of 
Petit, the membrane itself being the Zonule of Zinn. The hyaloid 
membrane separates the vitreous liumour from the retina. 

Bloodr-vessels of the Eyeball. — The eye is very richly supplied with blood- 
vessels. In addition to the conjunctival vessels which are derived from the palpe- 
bral and lachrymal arteries, there are at least two other distinct sets of vessels 
supplying the tunics of tlie eyeball. 

(1) These are the short and long fosterior ciliary arteries which pierce the 
sclera in the posterior half of the eyeball, and the anterior ciliary which enter 
near the insertions of the recti. These vessels anastomose and form a rich choroidal 
plexus ; they also supply the iris and ciliary processes, forming a highly vascular 
circle round the outer margin of the iris and adjoining portion of the sclera. The 
distinctness of these vessels from those of the conjunctiva is well seen in the 
difference between the bright red of blood-shot eyes (conjunctival congestion), and 
the pink zone surrounding the cornea which indicates deep-seated ciliary congestion. 

(2) The retinal vessels are derived from the arteria centralis retincB^ which 
enters the eyeball along the centre of the optic nerve. They ramify all over the 
retina, in its inner layers. Tliey can be seen by ophthalmoscopic examination. 

Intraocular Pressure. 

The fluids in the eye are under a pressure of 20 to 30 mm. Hg, 
and may be measured accurately by 2 >lmiging through the sclera a 
hollow needle attaclied to a manojiieter. TJie general tension of 
the eyeball c.an be appreciated also on oneself by palpation with 
two fingers. Clinically the pressure is measured by a tonometer 
in whicli a piston works against a standardised spring. In the 
condition of glaucoma the pressure may so increase that it inter- 
feres with the blood supply of the retina, and may cause blindness. 
The mode of formation and drainage of the fluid of the eye is therefore 
of much practical imxiortance. The aqueous humour appears to be 
prodiujcd like lymph, its pressure depending on capillary pressure 
and the osmotic pressure of the blood rather than arterial pressure. 
Normally, as pointed out by Duke-Elder, since tlie pressure in the 
exit veins is greater than the intra-ocular pressure there is an 
equilibrium, Init if the latter pressure is increased as in glaucoma, 
tlie region of the canal of Schlemm, into which open the spaces of 
Fontana at the outer edge of the iris (tlie filtration angle), is of great 
importaiKio as a drainage area, as sliown by the injection of dyes. 
Some fluid may also escape by the crypts on the anterior surface of 
the iris and by the vitreous humour to the lymphatics or retinal 
veins. 

The Bye as an Optical Instrument. 

In a photographic camera images of external objects are thrown 
on a screen at the back of a box, the interior of whicli is painted 
black. In the eye, the camera is represented by the eyeball with its 
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black pigment, the screen by the layer of rods and cones of the 
retina, and the lens by the refracting media. In tlie camera, the 
screen is enabled to receive clear images of objects at different 
distances, by an apparatus for focussing. The corresponding con- 
trivance in the eye is called accommodation. 

The iris, which allows more or loss light to pass into the eye, 
corresponds with the diaphragms used in the photograpliic 
apparatus. 

The refractive media are the cornea, aqueous humour, crystalline 
lens, and vitreous humour. The most refraction or bending of the 
rays of light occurs where they pass from the air into the cornea ; 
they are again bent slightly in passing through the lens. Alterations 
in the anterior curvature of the lens lead to accommodation. 

We may first consider the refraction through a transparent 
spherical surface, separating two media of dilferoiit density. 



right. 


The rays of light which fall on the surface exactly perpendicu- 
larly do not suffer refraction, but pass through, cutting the optic 
axis (0 A, fig. 314), a line which passes exactly through the centre 
of the surface, at a certain point, the nodal ‘point (fig. 314, N), or 
centre of curvature. Any rays which do not so strike the curved 
surface are refracted towards the optic axis. Eays which impinge 
upon the spherical surface parallel to the optic axis meet on the 
optic axis at a point which is behind the nodal point and is called 
the chief posterior focus (fig. 314, F^); and again there is a point 
on the optic axis in front of the surface, rays of light from 
which so strike the surface that they are refracted in a line d f" 
parallel with the axis; this point (fig. 314, Fg) is called the chief 
anterior focus. The optic axis cuts the surface at the j^'^'incipal 
point. 

It is quite obvious that the eye is a much more complicated 
optical apparatus than the one described in the figure. It is. 
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however, possible to reduce the refractive surfaces and media to 
a simpler form when the refractive indices of the different media 
and the curvature of each surface are known. These data are as 
follows : — 


Index of refraction of cornea . . . . 

,, ,, aqueous and vitreous . 


lens 


Radius of curvature of cornea .... 
„ ,, anterior surface of lens 

,, ,, posterior 

Distance from anterior surface of cornea to 
anterior surface of lens .... 

DisUince from posterior surface of cornea to 
posterior surface of lens .... 

Distance from posterior surface of lens to 
retina 


= 1‘37 

= 1*34 to 1-36 

_ n ‘4 in outer to 1 -45 
“■ \ in inner part. 

= 7 ’8 mm. 

- 10 „ 

= 6 „ 


= 3-6 


7-2 


15-0 


It is important to note that the cornea plays the greatest 
part in refraction in man although it is less important in fishes. 
With the aid of glasses a human being can still see quite well after 
the lens has been removed for cataract. 

With these data it has been found comparatively easy to reduce, 
by calculation, the different surfaces of different curvature into one 
mean curved surface of known curvature, and the differently refract- 
ing media into one mean medium the refractive power of which 
is known. 

The simplest so-called schematic eye formed on this principle, 
suggested by Listing as the reduced schematic eye, has the following 
more important dimensions : — 

Retina lies behind cornea = 22 8237 mm. 

The nodal point lies in front of posterior surface of lens . = 0*4764 ,, 

From the nodal point to retina, t.e. focal length . . — 16*4700 ,, 

Radius of ideal surface = 5*1218 ,, 

The term index of refraction means the^ ratio of the sine of the 
angle of incidence to that of the angle of refrtcction ; this is explained 
in the small text>i)eneatli fig. 315. 

In this reduced or simplified eye, the principal posterior focus, 
about 23 mm. behind the spherical surface, would correspond to the 
position of the retina behind the anterior surface of the cornea. The 
refracting surface would be situated about midway between the 
posterior surface of the cornea and the anterior surface of the 
lens. 

The optical axis of the eye is a line drawn through the centres of 
curvature of the cornea and lens, prolonged backwards to touch the 
retina between the porus opticus and fovea centralis, and this differs 
from the visual axis which passes through the nodal point of the 
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reduced eye to the fovea centralis ; this forms an angle of 5° with 
the optical axis. But for practical purposes the optical axis and the 
visual axis may be considered to he identical. 

The vimal or o])tic(il anyle (fig. 316) is included between the lines 


H h 
1 



Kiu 315 —If P P' IS a line which separates two media, tlio lower one hcing the denser, and A C) is a ray 
of light falling on it, it is bent at O towards the normal or peipendicular line N N'. A O is called 
the incident ray, ami O P the refracted ray ; AON is called the angle of incideiico (i), N' O B the 
angle of refraction (r) If any distance O X is measured oil along O A, and an eciual distance O X' 

X Y 

along O B, and perpendiculars drawn to N N'; then mdcx of refraction. 

drawn from tlio borders of any obje^et to tlio nodal point; if the 
lines arc prolonged backwards they include an cipial angle. It has 
been shown by ITelmholtz that the smallest angular distance between 



Fiu 310 —Diagram to show the formation of an imago in the retina. 
VA, visual angle; N, nodal point; R, retina. 


two points which can be appreciated as two distinct points = 50 seconds, 
the size of the retinal image being 3'65 jul ; this is a little more than 
the diameter of a cone at the fovea centralis which == 3 /x, the distance 
between the centres of two adjacent cones being = 4 /x. If the two 
points are so close together that they subtend a visual angle less 
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than 50 seconds, usually taken as 1 minute, both images will fall 
upon one cone, and the two points will therefore appear as one. 

The Formation of a Retinal Image. — Any object, for example 
the arrow A B (fig. 3 1 0), may be considered as a scries of points 
from each of which rays of light diverge towards the eye. Take, 
for instance, the rays diverging from the tip of the arrow A; C C 
represents the curvature of the schematic or reduced eye; the ray 
which passes through the centre of the lens system, i.e. the nodal 
point, is not refracted (the asterisk in fig. 317), it is near the 
posterior surface of the crystiilline lens; the ray A 0, which is 
parallel to the optic axis (3 O', is refracted through the principal 
posterior focus 1‘, and cuts the first ray at the point A' on the 
retina. The other rays from A meet at the same point to form an 



Fio 817 — Diagiam of the course of the rays of light, to show how an image is formed upon the retina 
Hi ail acroiiLiiKiditt ituj eyt* The surface C C should he supposed to represent the ideal curvature. 
In actual fact th(> lays aie reti.'icted not only ac the cornea, hut also at the siirlaces ol tlie lens and 
at the vitreous Immours In the unaccommodated eje the point P is on the retina (see lig 828) 
A and B are to be considered points from which ray.s ot light ladiate. 

image. Similarly, the other end of the arrow B is focussed at B' 
and rays from all other points have corresponding foci. 

It will thus be seen that an inverted image of external objects is 
formed on the retina. The retina is a curved screen, but the images 
fall only on a small area of the retina under normal conditions; 
hence, for practical purposes, this small area may be regarded 
as fiat. 

The question then arises, Why is it that objects do not appear to 
us to be upside down ? This cannot be satisfactorily answered without 
entering into matters which require a previous psychological train- 
ing. Sufiice it to say here that the localisation of objects in space 
depends not only on the retina, but also on tactile and general 
experience ; that the mind localises objects with reference to its 
own body, and that from the first it knows nothing of the inversion 
of the retinal image, as its powers of localisation only appear with 
developing general experience. 
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The size of a retinal image may readily ])e calculated as indicated 
by fig. 31 G, from a knowledge of tlie size of the ol)ject and its distance 
from the eye (nodal point), the distance of the nodal point from the 
image on the retina being taken as 15'5 mm. Thus an obj(ict 1 metre 
long and 5 metros from the eye produces an image x times the size of 


the object, which is 


15T) 

7‘4 + tlie distance of the object from the cornea, 


ix. 1000 X 


15-5 

5007-4 


3 mm. (approx.). In a similar way, by ma})ping 


out the blind spot on a blackboard a given distance away we may 
measure the size of the optic disc. 


Accommodation. 


The power of accommodation is primarily due to an ability to 
vary the shape of the lens; its front surface becomes more or less 
convex, according as the distance of the object looked at is near or 
far. The nearer the object, the more convex, up to a certain limit, 
the front surface of the lens becomes, and vice, versa ; the back 
surface takes no share in the production of the effect required. 
The posterior surface, which during rest is more convex than the 
anterior, is thus relatively the less convex of the two during 
accommodation. The following simple ex- 


periment illustrates this point: If a lighted 
candle is held a little to one side of a 
person’s eye an observer looking at the eye 
from the other side sees three images of the 
flame (fig. 318). The first and brightest 
is (1) a small erect image formed by the 
anterior convex surface of the cornea ; the 
second (2) is also erect, but larger and less 
distinct than the preceding, and is formed at 
the anterior convex surface of the lens ; 



Ifio. SIS.— Diagram showing three 
roHoctions of a candle 1, Fiom 

the anterior surface of cornea ; 


the third (3) is smaller, inverted, and indis- 
tinct ; it is formed at the posterior surface 
of the lens, which is concave forwards, and 


2 , from tlie anterior surface of 
lens ; 8, from the posterior sur- 
face of lens 


therefore, like all concave mirrors, gives an inverted image. If 
now the eye under observation is made to look at a near object, the 
second image becomes smaller, clearer, and approaches the first. If 
the eye is now adjusted for a far-point, the second image enlarges 
again, becomes less distinct, ami recedes from the first. In both 
cases the first and third images remain unaltered in size, distinct- 
ness, and position. This proves that during accommodation for near 
objects the curvature of the cornea, and of the posterior surface of the 
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lens, remain unaltered, while the anterior surface of the lens becomes 
more convex and approaches the cornea. 



Fin. 319 —Diagram of Sanson'.s images. A, when the eye.s are not, and B, when they are fueussed for 
near objects. The arrow to the nglit in A and B is the inverted image from tlie jiostonor surface 
of the lens. 

The experiment is more striking when two bright images (repre- 
sented by arrows in lig. 819) are used; the two images from the 
front surface of the lens during accommodation not only approach 



Fin. 320 — rhakoscope of Helmholtz At Ji B' are two prisms, by which the light of a candle is con- 
centrated on the eye of the person experimented with, which is looking through a hole in the third 
angle of the box opposite to tlie window C A is the aperture for tlie eye of the observer. The 
observer notices thieo double images, lepiesented by arrows, in fig. 819, rellccted from the eye 
under examination when the eye is lixod upon a distant object ; the position of the images having 
been noticed, the eye is made to focus a near object, such as a reo<l pushed up at C\ tlie images 
from the anterior surface of the lens will then be observed to move as described in tlie text. 


those from the cornea, hut also apjjroach one another, and become 
somewhat smaller. {Sanson's Images.) Helmholtz’s phakoscope 
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(fig. 320) is a box with arrangements for demonstrating this 
experiment. 

Mechanism of Accommodation . — The lens having no inlierent 
power of contraction, its changes of outline must bo produced by 
some power from without; this power is supplied by the ciliary 
muscle. Its action is to draw forwards the choroid, and by so 
doing to slacken the tension of the suspensory ligament of the 
lens which arises from it. The anterior surface of the lens is 
kept flattened by the action of this ligament. The ciliary muscle 
during accommodation, by diminishing the tension of this ligament, 
diminishes to a proportional degree the flattening of which it is 
the cause. On diiiiinUtion or cessation of the action of the ciliary 
muscle, the lens returns to its former shape (fig. 321). From 
this it will appear that the eye is usually focussed for distant 



Fio. 821.— Diagram representing, by dotted* lines, tlie alteration in the shape of the lens 
on accommodation for near objects. (E Landolt ) 

objects. In viewing near objects the ciliary muscle contracts ; the 
ciliary muscle relaxes on withdrawal of the attention from near to 
distant objects. 

During accommodation two other changes take place in the eyes : 
(I) The eyes converge owing to the action of the internal rectus muscle 
of each eyeball. (2) The imihls contract. 

The (iontraction of all of the muscles which have to do with 
accommodation, viz., of the ciliary muscle, of the internal recti 
muscles, and of the sphincter pupilke, is under the control of the 
third nerve. It should further be noted that although the act is a 
voluntary one, the fibres of the ciliary muscle and of the sphincter 
pupilke are of the plain variety. 

The account of accommodation as given in the preceding pages is true for man 
and other mammals, some birds, and certain reptiles. 

Beer has, however, shown that in many animals lower in the scale, the 
mechanism of accommodation varies a good deal, and is often very different from 
that just described, consisting, in fact, in a power of altering the distance between 
the lens and the retina. 

In bony fishes, the eye at rest is accommodated for near objects ; in focussing 
for distant objects the lens is drawn nearer to the retina by a special muscle called 
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the retractor Untis. In cephalopods the same occurs, but the retractor lentis is 
absent ; here the approach of the lens to the retina is brought about by an alteration 
of intra-ocular tension. In amphibia and most snakes, the eye at rest is focussed 
for distant objects ; in accommodating for near objects the lens, by alteration of 
intra-ocular tension, is brought forward, that is, the distance between it and the 
retina is increased. There appear to be not a few animals in all classes which do 
not possess the power of accommodation at all. Indeed Barrett states this is so 
for most mammals. 

Range of Distinct Vision. Near-]ioint . — In every eye there is a 
limit to the power of accommodation. If a book is brought nearer 
and nearer to the eye, the type at la-st l)ecomes indistinct, and cannot 
be brought into focus ])y any effort of accommodation, however 
strong. This, which is termed the near-point, can b(i determined 
by Srheiners experiment. Two small holes are pricked in a card 



at any rate their distance from eacli other must not exceed the 
diameter of the pupil. The card is lield close in front of the eye, 
and a small needle viciwed tlirougli the pin-holes. At a moderate 
distance it can bo (dearly focussed, but when brought nearer, ]j(iyond 
a certain point, the imago appears double. This point where the 
needle ceases to appear single is the near-point. Its distance 
from the eye can be readily measured. It is usually about 5 
or G indies (13 cm.). In the accennpanying figure (fig. 3lhl) the 
lens h represents the refractive apparatus of the eye; e and f the 
two pin-holes in the card, nn the retina ; a represents the position 
of the needle. When the needle is at a moderate distance, the two 
pencils of light coming through e and / are focussed at a single point 
on the retina nn. If the needle is brought nearer than the near- 
point, the strongest effort of accommodation is not sufficient to focus 
the two pencils, they meet at a point behind the retina. The effect 
is the same as if the retina were shifted forward to nim. Two 
images A, // are formed, one from each hole. It is interesting to 
note that when two images are produced, the lower one // really appears 
in the position Q, while the upper one appears in the position r. 
This may bo readily verified by covering the holes in succession. 
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Visual Acuity. 

Ill relation to the visual angle we have seen that unless two 
points are sulliciently a])art they appear as one point on the retina. 
Use is made of this in testing visual acuity. This is done by 
means of test types (Snellen). Each letter is printed within a square 
which subtends an angle of 5 minutes at the distance of 6 metres 
(2J) feet) at which the normal eye should distinguish the letter — 
and 25 smaller squares into which the square may be divided, 
each subtends an angle of 1 minute. The types are of different 
sizes like the arrows in fig. 316, the largest being that which can 
be distinguished at GO metres and then follow rows of letters 
which should be read at closer distances. 

The acuteness of vision is expresseil by a fraction of which 
the numerator is G {ie. the distance from the chart) and the 
denominator, the distance at which the smallest letters should 
be read by the normal eye. Thus normal vision V ought to 

be V = ^. A subject with poorer vision might be expressed 

as having V = that is, at G metres, the smallest type he can 

read is 18 or that which ought to be read at 18 metres’ distance, 
lly putting api)ro])riato test lenses in spectacle-frames in front 
of th(5 eye, the lenses necessary to bring the vision to nonnal may 
be found. 

With a person such as a child a method independent of his 
answers is desirable and the method of retinovseopy is used. 'Idiis is 
dealt with fully on p, 835. 


Defects in the Optical Apparatus. 

Under this head we may consider the defects known as (1) 
Myopia, (2) Hypermetropia, (3) Astigmatism, (4) Spherical Aber- 
ration, (5) Chromatic Aberration, and (6) Presbyopia. 

The normal {emmetropic) eye is so adjusted that at rest parallel 
rays are brought exactly to a focus on the retina (1, fig. 323). 
Hence all objects except near ones (practically all objects more than 
twenty feet off) are seen without any effort of accommodation ; in 
other words, the far-point of the normal eye is at an infinite distance. 
In viewing near objects we are conscious of the effort (the contraction 
of the ciliary muscle) by which the anterior surface of the lens is 
rendered more convex, and rays which would otherwise be focussed 
hehind the retina are converged upon the retina (see dotted lines, 
2, %. 323). 
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1. Myopia (sliort-sight), (4, fig. 323). — This defect is due to an 
abnormal elongation of the eyeball. The retina is too far from the 
lens, and consiiquently parallel rays are focussed in ftont of the 
retina, and, crossing, form little circles on the retina; thus the images 



Fia. 82S. — Diagram showing— 1, normal (emiaeJroptc) eye bringing parallel rays exactly to a focus on 
the retina; 2, normal eye adapted to a near-point; without accommodation the rays would be 
focussed behind tlio retina, but by increasing the curvature of tlio anterior surface of the lens 
(shown by a dotted line) the rays are focussed on the retina (as indicated by the mooting of the two 
dotted lines) ; 8, hypermetropic eye ; in this case the axis of the eye is shorter than normal ; parallel 
rays are focussed behind the retina; 4, layop/ceye; in this case the axis of the eye is abnormally 
long; parallel rays are focussed in front of the retina. The figure incorrectly represents the 
refraction as occurring only in the crystalline lens ; the principal refraction really occurs at the 
anterior surface of the cornea. 


of distant objects are blurred and indistinct. The eye is, as it were, 
permanently adjusted for a near-point. Eays from a point near the 
eye are exactly focussed on the retina. But those which issue from 
any oliject beyond a certain distance (far-point) cannot be distinctly 
focussed. This defect is corrected by concave glasses which cause the 
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rays entering the eye to diverge : hence they do not come to a focus 
so soon. Such glasses, of course, are only needed to give a clear 
vision of distant ohjecta For near objects, except in extreme cases, 
they are not required. 

2. Hypermetropia (3, fig. 323). — This is the reverse defect. The 
eyeball is too short. Parallel rays are focussed behind the retina: 
an effort of accommodation is required to focus even parallel rays on 
the retina ; and when they are divergent, as in viewing a near object, 
the accommodation is insuflicient to focus them. Thus, in well- 
marked cases, distant objects require an effort of accommodation, and 
near ones a very powerful effort, and the ciliary muscle is, therefore, 
constantly acting. This defect is obviated by the use of convex glasses, 
which render the pencils of light more convergent. Such glasses 
are, of course, especially needed for near objects, as in reading, etc. 
They rest the eye by relieving the ciliary muscle from excessive work. 

3. Astigmatism. — This defect, which was first discovered by 
Airy, is due to a greater curvature of the eye in one meridian than 
in others. The eye may be even myopic in one plane, and hyper- 
metropic in others. Thus vertical and horizontal lines crossing each 
other cannot both be focussed at once; one set stands out clearly, 
and the others are blurred and indistinct. Q'his defect, which is 
present in a slight degree in all eyes, is generally seated in 
the cornea, but occasionally in the lens as well; it may be 
corrected by the use of cylindrical glasses {i.e., curved only in 
one direction). 

4. Spherical Aberration. — Idle rays of a cone of light from an 
object situated at the side of the field of vision do not meet all in 
the same point, owing to their unequal refraction ; for the refraction 
of the rays whicdi pass through the edge of a lens is greater 
than that of those traversing its central portion. 'This defect 
IS known as spherical aberration, and in the camera, telescope, 
microscope, and other optical instruments, it is remedied by the 
interposition of a screen with a circular aperture in the path of the 
rays of light, cutting off all the marginal rays, and only allowing the 
passage of those near the centre. Such correction is effected in the 
eye by the iris, which prevents the rays from passing through any 
part of the refractive apparatus but its centre. The image of an 
object will be most defined and distinct when the pupil is narrow, 
the object at the proper distance for vision, and the light abundant ; 
so that, while a sufficient number of rays are admitted, the narrow- 
ness of the pupil may prevent the production of indistinctness of 
the image by spherical aberration. 

Distinctness of vision is further secured by the pigment of the 
outer surface of the retina, the posterior surface of the iris and the 
ciliary processes, which absorbs most of the light which is reflected 

2 D 



834 THE EYE AND VISION [CH. LIX. 

within tho eye, and proveiils its being thrown again upon the retina 
so as to interfere with the images tliere formed, 

5. Chromatic Aberration.-— In tlie passage of light tlirough an 
ordinary convex lens, decomposition of each ray into its elementary 
colours commonly ensues, and a coloured margin appears around 
the image, owing to the unequal refraction which the elementary 
colours undergo. In optical instruments this, which is termed 
chromatic aberration, is corrected by the use of two or more lenses, 
differing in shape and density, the second of which continues or 
increases the refraction of the rays produced by the first, but by 
recombining the individual parts of each ray into its original white 
light, corrects any chromatic aberration which may have resulted 
from the first. It is probable that the unequal refractive power of 
the transparent media in front of the retina may bo the means by 
which the eye is enabled to guard against the effect of chromatic 
aberration. The human eye is achromatic, however, only so long as 
the image is received at ijjS focal distance upon the retina, or so 
long as the eye is properly accoinmodatcd. If these conditions 
are interfered with, a more or less distinct appearance of colours is 
produced. 

From the insufficient adjustment of the image of a small wliito 
object, it appears surrounded by a sort of halo or fringe. This 
phenomenon is termed Irradiation. It is partly for this reason that 
a white square on a black ground appears larger than a black square 
of tlie same size on a white ground. The phenomenon is naturally 
more marked when the white object is a little out of focus. 

6. Defective Accommodation — Presbyopia. — Iliis condition is due 
to the gradual loss of the power of accommodation which is an early 
sign of advancing years. In consequence, the person is obliged in 
reading to hold the book farther and farther away in order to focus 
the letters, till at last tho letters are held too far for distinct vision. 
The defect is remedied by weak convex glasses. It is due chiefly to 
the gradual increase in density of the lens, which is unable to swell 
out and become convex when near objects are looked at, and also to 
a weakening of the ciliary muscle, and a general loss of elasticity in 
the parts concerned in the mechanism. 
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Retinoscopy. 

Tho refractiv(i power of a lens is expressed in terms of its 
principal focal distance; if this is 1 metre, it is said To liave tlie 
refractive power of 1 diopter (1 J).); a lens 2 1). has a focal length of 
J a metre, and a lens ^ 1). has a focal length of 2 metres, and so on. 
The lenses necessary for correcting errors of refraction in an eye are 
best determined by a simple instrument called a rctinoscopo; this is 
a small circular plane mirror, perforated by a hole in the centre 
through which the observer looks. If one ri'Tects a spot of light 
from this on to a Hat surface, any movement of the mirror produces 
a movement of the spot of light in the same direction ; if the surface 
selected, however, is the eye of another person, tlie direction of 
movement of the illuminated spot on the retina may or may not bo 
the same as that in which the mirror is moved, Jiccording as whether 
the observed eye is normal, hypermetropic, or myopic. If the 
observed eye is just a metre away from the observ(U’, and is 
emmetropic, then as the mirror is tilted from side to side the spot 
moves in tho same direction. If a convex lens is placed in a 
spectacle frame in front of the observed eye, the parallel rays which 
emerge from tho retina are brought to a focus and cross before 
reaching the eye of the observer. Then the spot will move in the 
opposite direction to the mirror. A lens of Jess than 1 ll. will not, 
however, accomplish this reversal; a lens of more than 1 I), will. 
So that a lens of 1 IJ. marks the exact point of reversal. If the 
observed (^ye is hypermetropic, the movement of the s})ot of light is 
also with the mirror, but stronger lemses than 1 I), must be intro- 
duced to get the point of reversal. If the lens in any particular 
case necessary for this purpose is 5 D., then the error of refraction 
is 4 ]). and spectacles may be ordered acuiordingly * , for one always 
has to subtract 1 D., since that is required to get reversal with the 
normal eye. 

When the spot of light moves against the mirror’s movements 
from the first, then the observed eye is myopic, and the myopia is 
greater than 1 I). Tho “point of reversal” is determined by intro- 
ducing concave lenses of increasing strength into the spectacle frame 
until tho spot moves in the same direction as tho mirror ; the degree 
of myopia is equivalent to the value of the lens which accomplishes 
the reversal plus 1 D. to allow as before for the normal eye. 

Many people have differences in the refractive error of their two 
eyes ; so each should be tested separately. If the ol)servc<l eye is 
astigmatic, the observations are more complicated, and must bo made 
in tlie different meridians of the eye, and the point of reversal 
determined in each meridian by means of suitable cylindrical lenses. 

* The full correction often causes discomfort, and in practice is rarely ordered. 
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Functions of the Iris. 

The iris lias the following two uses: — 

1. To act as a diaphragm in order to lessen spherical aliorration 
in the manner just described. This is specially necessary when one 
wishes to obtain a clearly defined image of an object; the pupil 
therefore contracts when accommodation for a near object takes 
place. 

2. To regulate the amount of light entering the eye. In a bright 
light the pupil contracts ; in a dim light it enlarges. This may bo 
perfectly well seen in one’s own iris by looking at it in a mirror 
while one alternately turns a gas-light up and down. 

The muscle-fibres (unstriped in mammals, striped in birds) of 
the iris are arranged circularly around the margin of the pupil, and 
radiatingly from its margin. The radiating fibres are best seen in 
the eyes of birds and otters; some look upon them as elastic in 
nature, but there is little doubt that they are contractile. Those 
who believe they are not contractile explain dilatation of the pupil 
as due to inhibition of the circular fibres. But if the iris is stimu- 
lated near its outer margin at three difierent points simultaneously 
the pupil assumes a triangular shape, the angles of the triangle 
corresiDonding to the points stimulated; this must be due to con- 
traction of three strands of the radiating muscle; inhibition of the 
circular fibres would occur equally all round. 

'riie iris is supplied ])y throe sets of nerve-fibres contained in 
the ciliary nerves. 

(a) The third nerve via the ciliary ganglion .and short ciliary 
nerves supplies the circular fibres (fig. 331, p. 853). 

(b) The cervical sympathetic su])plies the radiating fibres. The 
cilio-spinal centre which governs them is in the cervical region of 
the cord. The fibres leave the cord by the anterior roots of the 
first and second thoracic nerve, pass into the cervical sympathetic, 
and reach the eyeball ma the ophthalmic branch of the trigeminal, 
and long ciliary nerves (fig. 33 1 ). 

(c) Fibres of the trigeminal nerve which are sensory. 

Certnin drugs dilate the pupil, fidicse are called mydriatics ; 
atropine is a well-known example. Others cause the pupil to 
contract. These are called myotics ; physostigmine and opium 
(taken internally) are instances. Different drugs act in different 
ways, some exerting their activity on the muscular, others on the 
nervous structures of the iris, while some act centrally on the 
brain. 

We may sum up the principal conditions under which the pupil 
contracts and dilates, in the following table: — 
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Causes of — 


Contraction of the Pupil. 

1. Stimulation of third nerve. 

2. Paralysis of cervical sym- 

pathetic. 

3. When the eye is exposed to 

light. 

4. When accommodation occurs. 

5. Under the local inlluence of 

physostigmine. 

6. Under the inlluence of opium. 

7. During sleep. 

8. In chlorofonn amcsthesia in 

wliich a dilated ])upil is a 
sign of danger. 


Dilatation of the Pupil. 

1. Paralysis of the third nerve. 

2. Stimulation of the cei'vical 

sympathetic. 

3. In the dark. 

4. When the accommodation is 

relaxed. 

5. Under the local influence of 

atropine. This drug also 
])aralyses the ciliary muscle. 

6. In asphyxia. This is an 

important danger-signal in 
anaesthesia. 

7. The injection of adrenaline. 

8. Under the influence of (;er- 

tain emotions, such as fear. 

9. During pain. 

10. In ether amiesthesia. 


There is a close connection of the centres that govern the activity 
of the two irides. If one eye is shaded hy the hand, its pupil will 
of course dilate, but the pupil of the other eye will also dilate. 
The two ])upils always contract or dilate together but may be 
prevented from doing so by local injury to the nerves of one side 
or the local action of drugs. 


Functions of the Retina. 

The retina is the nervous coat of the eye ; it contains the layer 
of nerve-epithelium (rods and cones) which is capable of receiving 
the stimulus of light, and transforming it into a nervous impulse 
which passes to the brain by the optic nerve. 

The layer of rods and cones is at the back of the other 
retinal layers, which the light has to penetrate before it can 
affect this layer. The proofs of the statement that this is the 
layer of the retina which is capable of stimulation by light are 
the following: — 

(1) The point of exit of the optic nerve from the retina, 
where the rods and cones are absent, is insensitive to light, and is 
called the blind spot. This is readily demonstrated by what is known 
as Mariotte’s experiment. If we direct one eye, the other being 
closed, upon a point at such a distance to the side of any object, 
that the image of the latter must fall upon the retina at the point of 
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eii trance of the optic nerve, this image is lost. If, for example, we 
close the left eye, and look steadily with the right eye at the dot 
here reprcisentecl, wiiile the page is held about six inches from the 

• * 

eye, both dot and cross are visible. On gradually increasing the 
distance ])etween the page and the eye, still keeping the right eye 
steadily on the dot, it will ho found that suddenly the cross dis- 
appears from view, because its image has fallen on the blind spot ; 
on removing the hook still farther, it comes in sight again. The 
question has arisen why we are not normally conscious of a gap in 
the image. Wo can only say that owing to the spot being blind 
from birth onwards we have come to neglect its blindness. 'J'he 
size of the blind siiot at a given distance may bo used to measure 
the o])tic disc (see p. 844). 

(2) In the fovea centralis which contains the rods and cones, 
hut in whicli the other layers of the retina are thinned down to a 
minimum, light jiroduces the greatest effect. In the macula lutea 
cones occur in largo numbers, and in the fovea centralis cones 
witliout rods are found, whereas, in the rest of the retina which is 
not so sensitive to light, there are fewer cones than rods. 

(3) If a small lighted candle is moved to and fro at the side of 
and close to one eye in a darkened room, while the eyes look steadily 
forward on to a dull background, a branching ligure (Purkinje’s 
figures) is seen lloating before the eye, consisting of dark lines on 
a reddish ground. As the candle moves, the figure moves in the 
opposite direction, and from its whole ap})earance there can be no 
doubt tliat it is a reversed picture of the retinal vessels pro- 
jected before the eye.* This remarkable appearance is due to 
shadows of the retinal vessels cast by the candle; and it is only 
when they are thrown upon the retina in an unusual slanting 
direction that they are perceived. The Inanches of these vessels are 
distributed in the nerve-fibre and ganglionic layers; and since the 
light of the candle falls on the retinal vessels from in front, the 
shadow is cast l)ehind them, and hence those elements of the retina 
which perceive the shadows must also lie behind the vessels. Here, 
then, we have a clear proof that the light-perceiving elements are 
not the inner, but one of the external layers of the retina ; further 
than this, calculation has shown it is the layer of rods and cones. 
The data for such a calculation are — the dimensions of the eyeball, 
the distance of the screen from the eye, the angle through which the 
candle is moved, and the displacement of the figure seen. 

* Purkinje’.s figures can be more readily seen by simply looking steadily 
down a raieroseope, and moving the whole instrument baekwards and forwards, or 
from side to side, while so doing 
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The Function of the Rods and Cones . — The concentration of the 
cones in the macula immediately behind the centre of the pupil and 
the fact that each cone has a separate nerve-fibre indicate that the 
cones are concerned with acuity of vision. 

The rods on the other hand are grouped together and are located 
more in the periphery. In birds which fly at night the cones are 
absent. 

Changes in the Retina during Activity. 

The method ])y which a ray of light is able to stimulate the 
endings of the optic nerve in the retina in such a manner that a 
visual sensation is perceived by the cerebrum is not yet understood. 
It is supposed that the change effected by the agency of the light 
which falls upon the retina is a physico-chemical alteration in the 
protoplasm, and that this change stimulates the optic nerve-endings. 
A certain temporary reddish-purple pigmentation (visual purple) 
is found in the outer limbs of the retinal rods in certain animals 
{e.(j. frogs) which have been killed in the dark. The visual purple 
is bleached when the retina is exposed to light, and reappears 
when the light is removed, and it also undergoes distinct 
changes of colour when other than white light is used. If the 
operation is performed quickly enough, the bleached image of 
a bright object may be fixed on the retina by soaking the 
retina of an animal which has been killed in the dark, in alum 
solution. 

The visual purple is derived in some way from the black 
pigment (melanin or fuscin) of the polygonal epithelium of the 
retina, since the colour is not renewed after bleaching if the retina 
is detached from its pigment layer. 

Certain pigments, not sensitive to light, are contained in the inner 
segments of the cones. These are oil globules of various colours, 
red, green, and yellow, and are found in the retinoo of marsupials (but 
not other mammals), birds, reptiles, and fishes. Nothing is known 
about the yellow pigment of the yellow spot. 

In the lower vertebrates another change produced by the action 
of the light upon the retina is the movement of the pigment 
cells. On being stimulated by light the granules of pigment in the 
cells which overlie the outer part of the rod and cone layer of the 
retina pass into the processes of the cells, which hang down between 
the rods : these melanin or fuscin granules are generally rod-shaped, 
and look almost like crystals. A movement of the cones and 
possibly of the rods also occurs, as has been already mentioned ; 
in the light the cones shorten, and in the dark they lengthen 
(Engelmann). In mammals rapid changes in the size of the pupil 
appear to make this unnecessary. 



840 


THE EYE AND VISION 


[CH. LIX. 


Ked light has no action on visual purple ; the maximum bleach- 
ing effect takes place in greenish-yellow light. Now, when the living 
eye is brought into a condition of “dark adaptation,” that is, when 
the retina lias become adapted to light of low intensity, the colours 
of the spectrum alter in brightness ; the red end becomes shortened 
and much darker ; the blue end becomes brighter, and the region of 
maximum brightness is in the green. This cliange of brightness 
with change of adaptation, known as Purkinjo’s phenomenon, is 
absent in the fovea, where there are no rods. The selective action 
of the colours of the spectrum on the visual purple is so strikingly 
similar to the altered conditions of brightness just described, that 
changes in the visual purple of the rods have been supposed to be 
the cause of sensations excited by feeble illumination {i.e. in the 
“dark-adapted” eye), while the cones are affected under moi’e 
ordinary conditions of illumination. This conclusion gains support 
from several inttu’esting facts. Visual purple is specially abundant 
in the retime of almost all animals whose habits are nocturnal, or 
which live underground. Further, if the intensity of a colour stimulus 
is gradually increased, it is at first too faint to produce any sensa- 
tion ; then it produces a sensation of greyness, and at last the colour 
itself is seen; the interval between the appearance of the grey or 
white-black effect and of the true colour effect of the stimulus is 
spoken of as the ‘'photo-chromatic interval'’ Ped light has no effect 
on visual purple, and has no photo-chromatic interval (that is, it 
appears either red or nothing), and according to several observers, 
there is no such interval at tlie fovea, where the rods, and therefore 
visual purple, are absent. Thirdly, a very similar effect has been 
described by M‘Dougall, when the retina is momentarily stimulated 
by a coloured light; the sensation arising from the stimulus is 
followed by a series of “ prhnar y responses” or after-sensations; the 
first members of the senes nave the same colour as the stimulus, 
and these arc sometimes followed by a series of colourless (grey) 
sensations, these grey sensations are only present outside the fovea, 
and under conditions of “ dark adaptation ” are absent with red and 
brightest with green stimuli. Here again we are able to differentiate 
between a visual-purple (rod) effect and a cone effect, the former, 
active under conditions of feeble illumination, affected most by green 
and unaffected by red light, and yielding colourless sensations ; the 
latter being more specially concerned in developing sensations of 
colour under conditions of adaptation to ordinary light. The fovea 
centralis thus becomes the region where the colours of objects are 
best distinguishable, and where with ordinary illumination visual 
acuity is most marked. Tn the dark, however, extra-foveal (rod) 
vision is more sensitive than foveal (cone) vision; astronomers see 
faint stars more readily in the periphery of the field of vision. 
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Night Blindness. — In this condition there is an abnormal formation of the 
visual purple and a pathological change known as retinom j)i(/mPntosa is jirosent, 
suggesting an impaired function of the vi.sual purple. Pilocarpine has been found 
an effective drug in such cases, and this is also interesting because it hastens the 
regeneration of visual purple in the extirpated eye. 

It has now become apparent that the condition is produced by lack of 
vitamin A. It is suggested that in the dark vitamin A is transformed by 
. combination with protein iy visual purple and that light converts the visual vcllow 
back into colourless substances and vitamin A. 

The electrical variations in the retina under the influence of light were 
discovered by Holmgren (1866), and simie then have been investigated by 
M‘Kendrick and Dewar, Kinthoven, Waller, and others. The excised eyeball of 
a frog is led off by non-polarisable electrodes to a galvanometer. One electrode 
is placed on the front, the other on the back of the eye. If the eyeball is quite 
fresh, a current is observed passing through the eyeball from back to front. When 
light falls on the eye this current is increased ; on shutting off the light there is a 
momentary further increase, and then the current slowly returns to its previous 
condition. Waller explains this by supposing that anabolic changes in the eye 
predominate during stimulation by light. With the onset of darkness, the katabolic 
changes cease at once, and the anabolic more slowly ; hence a further positive 
variation. 

More recently the currents of action in the optic nerve of the eel (which is a 
conveniently long nerve) have been investigated by Adrian, who has found that 
the general laws ajiplying to general sensation are applicable to the currents of 
action set up in the eye. The general law of Weber has been shown to apply, and 
adaptation occurs as in the nerve-endings concerned in pain. 

The limits of visibility are 3800 A.U. in the violet and 8000 A.U. in the 

red. 


Duration of Visual Sensations . — The duration of the sensation 
produced by a luminous impression on the retina is always greater 
than that of the impression whicli produces it. However brief the 
luminous impression, the eifect on tlie retina always lasts for about 
one-eighth of a second. Thus, supposing an object in motion, say a 
horse, to be revealed on a dark night by a Hash of lightning. The 
object would be seen apparently for an eighth of a second, but it 
wovdd not appear in motion; because, although the image remained 
on the retina for this time, it was really revealed for such an 
extremely short period (a Hash of lightning lasting only a millionth 
of a second) that no appreciable movement on the part of |;he 
object could have taken place in the period during which it was 
revealed to the retina of the observer. The same fact is proved in 
a reverse way. The spokes of a rapidly revolving wheel are not 
seen as distinct objects, because at every point of the field of vision 
over which the revolving spokes pass, a given impression has not 
faded before another replaces it. Thus every part of the interior of 
the wheel appears occupied. 

The .stimuli which excite the retina are exceedingly slight ; for instance, the 
minimum stimulus in the form of green light is equal in terms of work to that which 
is done in raising a ten-millionth part of a milligramme to the height of a millimetre, 
and even some of this is doubtless wasted in the form of heat. The time during 
which the stimulus acts may be excessively small ; thus light from a rapidly rotating 
mirror is visible even when it only falls upon the retina for one eight-millionth part 

2 D 2 
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of a second. Some physiologists have drawn an analogy between retinal and 
muscular excitations. There is no complete analogy, but the following points of 
resemblance may be noted 

1. The retina, like the muscle, pos.scsses a store of potential energy, which the 
stimulus serves to lire off. 

2. Fatigue on action, and recovery after rest are noti{!eabIe in both. 

3. The curve of retinal excitation, like the muscle curve, rises not abruptly but 
gradually to its full height, and on the cessation of the stimulus takes a measurable 
time to fall again, the retinal impression outlasting the stimulus by about one-eighth 
of a second. 

4. With comparatively slow intermittent excitation, the phenomenon known as 
Jficker bikes place ; this may be shown by the slow rotation on Maxwell’s machine 

of a disc painted with alternate black and white 
sectors. This roughly corresponds with what in 
a muscle is called incomplete tetinus. 

5. When the rate of stimulation is increased, 
as by increasing the speed of rotation of the disc 
just alluded to (say to twenty or thirty times a 
second) the resulting sensation is a smooth one 
of greyncss. This fusion of individual stimuli 
into a continuous sensation does not by any 
means correspond to the complete tetanus of 
muscle, for the resultant sensation has a bright- 
ness corresponding not to a summation of the 
individual nising sensations, but to a brightness 
which would ensue if the stimuli were spread 
evenly over the surface of the disc. (Talbot’s 
Law.) 

The Ophthalmoscope. 

Every one is perfectly familiar with 
the fact, tliat it is quite impossible to 
see the fundus or back of another 
person’s eye by simply looking into it. 
The interior of the eye forms a perfectly 
hlack background.* The same remark 
applies to the difficulty we experience 
in seeing into a room from the street 
through the window unless the room 

Fi( 7. S-n. -Tim ophtlialmoscope. Tl.e is Uglltcd witllill. Ill tllC CVC tllis 
Hiiiall uppor mirror ia for direct, the e i. • eii <> 

larger for indirect, illumination. laCt IS partly dUC tO tllC ICebleneSS Ol 

the light reflected from the retina, most 
of it being absorbed by the retinal pigment; but far more to the fact 
that every such ray is reflected straight to the source of light (e.g. 
candle), and cannot, therefore, be seen by the unaided eye without 
intercepting the incident light from the candle as well as the 

* In some animals (e.ff. the cat), the pigment is absent from a portion of the 
retinal epithelium ; this forms the Tapetujn lucidnm. The use of this is supposed to 
be to increase the sensitiveness of the retina, the light being reflected back through 
the layer of rods and cones. It is probably the case that these animals are able 
to see clearly with less light than we can, hence the popular idea that a cat can see 
in the dark. In fishes a tapetum lucidum is often present; here the brightness 
is increased by crystals of guanine. 




Flo, S25. — Nonniil fiindus of avoragw tint. Reproduced by i^ermission from the original 
drawing in May and Worth’s Diseases of the Eye (Bailliere, Tindall & Cox). 


[To face page 842. 
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reilected rays from the retina. This difficulty is surmounted ]>y the 
use of the ophthalmosco2ye. 

The ophthalmoscope was invented by Wharton Jones, forgotten, 
then reinvented by Helmholtz; as a mirror for rellecting the light 
into the eye, he employed a bundle of thin glass plates ; this mirror 
was transparent, and so he was able to look through it in the same 
direction as that of the rays of the light it reilected. 

In its most modern form a concave mirror is mounted on a 
handle, and is perforated in the centre by a small hole through 
which the observer can look while the liglit is supplied from a small 
electric bulb in the handle of the instrument. 

The methods of examining the eye with this instrument are — the direct and the 
indirect : both methods of investigation should be employed. A drop of a solution 
of atropine (two grains to the ounce) or of homatropine hydrobromide, should be 
instilled about twenty minutes before the examination is commenced ; the ciliary 
muscle is thereby paralysed, the power of accommodation is abolished, and the 
pupil is dilated. This will materially facilitate the examination ; but it is quite 
possible to observe all the details to be presently described without the use of 
such drugs. The room being now darkened, the observer seats himself in front 
of the person whose eye he is about to examine, placing himself upon a some- 
what higher level. Let us suppose that the right eye of the patient is being 
examined. If the instrument is not supplied with an electric light, a brilliant and 
steady light is placed close to the left ear of the patient. 

Direct method. — Taking the small mirror in his right hand, and looking 
through the central hole, the operator directs a beam of light into the eye of the 
patient. A red glare is seen, due to the illumination of the retina. The patient is 
then told to look at the little finger of the observer’s right hand as he bolds the 
mirror; to effect this the eye is rotated somewhat inwards, and at the same time the 
reflex changes froiri red to a lighter colour, owing to the reflection from the optic disc. 
The observer now approximates the mirror, with his eye to the eye of the patient, 
taking care to keep tne light fixed upon the pupil so as not to lose the reflex. At 
a cerbiin point, which varies with different eyes, but is usually reached when there 
is an interval of about two or three inches between the observed and the observing 
eye, the vessels of the retina become visible. Examine carefully the fundus of the 
eye, i.e.y the red surface — until the optic disc is seen; trace its circular outline, and 
observe the small central white spot, the porus opticus, or physiological pit: near 
the centre is the central artery of the retina breaking up upon the disc into 
branches ; veins also are present, and correspond roughly to the course of the 
arteries. Trace the vessels over the disc on to the r^ina. Somewhat to the outer 
side, and only visible after some practice, is the macula or yellow spot^ which 
appears red with the ophthalmoscope, with the smaller lighter-coloured/oy«a centralis 
in its centre. This constitutes the direct method of examination ; by it the various 
details of the fundus are seen as they really exist, and it is this method which 
should be adopted for ordinary use (fig. 326). 

If the observer is myopic or hypermetropic, he will be unable to employ the 
direct method of examination until he has remedied his defective vision by the use 
of proper glasses. 

In the indirect method the patient is placed as before, and the operator holds 
the large mirror in his right hand at a distance of twelve to eighteen inches from the 
patient’s right eye. At the same time he rests his left little finger lightly upon the 
patient’s right temple, and holding a convex lens between his thumb and forefinger, 
two or three inches in front of the patient’s eve, directs the light through the lens 
into the eye. The red reflex, and subsequently the white one, having been gained, 
the operator slowly moves his mirror, and with it his eye, towards or away from the 
face of the patient, until the outline of one of the retinal vessels becomes visible. 
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when very slight movements on tlic part of the operator will suffice to bring into 
view tlie details of the fundus above described ; more of the retina is seen at a time, 
but the image will be much smaller and inverted. The appearances seen are 
depicted in iig. ;}25. 'i'he lens should be kept fixed at a distance of two or three 
inches, the mirror alone being moved until the disc becomes visible : should the 
image of the mirror, however, obscure the disc, the lens may be slightly tilted. 

Figures 326 and 327 show diagrammatically the course of the rays of light. 



Fig. 326 represents what occui's when employing the direct method. S is the 
source of light, and M M the concave mirror with its central aperture, which reflects 
the rays ; these are focussed by the eye E, which is being examined, to a noint 
in the vitreous humour, and this produces a diffuse lighting of the interior or the 
eyeball. Rays of light issuing from the point p emerge from the eye parallel to 
one another, and enter the observer’s eye h? ; they are brought to a focus p^ on the 
retina as the eye is accommodated for distant vision. Similarly the point m and n 
will give rise to images at m’ and respectively. 

Fig. 327 represents what occurs in examining the eye by the indirect method. 



Fxo. 827. — The course of the hght in examining the eye by the indirect method (T. G Brodie ) 


S is the source of light, M M the mirror, E the observed, and E^ the observing 
eye as before. The rays of light are reflected from the mirror and form an image 
at ; they then diverge and are again made convergent by the lens L held in front 
of the eye by the observer ; by this means a second image is focussed just behind 
the crystalline lens of tlie eye They then again diverge and diffusely light up 
the interior of the eyeball. The rays of light reflected from two points i and m on 
the retina diverging from the eye are refracted by the glass lens L, and give an 
inverted real image w’ larger than the object i m. These latter rays then diverge, 
and are collected and focussed by the observing eye E^ to give an image on 
the retina. 
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The Perimeter. 

This is an instrumeiifc for mapping out the field of vision. It 
consists of a graduated arc, which can be moved into any position, 
and which when rotated traces out a hollow hemisphere. In the 
centre of this the eye under examination is placed, the other eye 
being closed. The examiner then determines on the surface of the 
hemisphere those points at which the patient just ceases or just 
begins to see a small object moved along the arc of the circle. These 
points are plotted out on a chart graduated in degrees, and by con- 
necting them the outline of the field of vision is obtained. 



Fia. .S2S.— I’riostlt^y Smith’s periinotor. 


Fig. 328 shows one of the forms of perimeter very generally 
employed, and fig. 329 represents one of the charts provided with the 
instrument. The dark line represents the normal average field of 
vision for the right eye and the blind spot may be mapped out. It 
will bo seen that the field of vision is most extensive on the outer 
side ; it is less on the inner side because of the presence of 
the nose. Considerable personal variation occurs. 

By the use of the same instrument, it is found that the colour 
of a coloured object is not distinguishable at the margin, but only 
towards the centre of the field of vision, but there are differences 
for different colours; thus a blue or yellow object is seen to bo 
blue or yellow over a wider field than a red or green object. 

In disease of the optic nerve, contraction of the field of vision 
for white and coloured objects is found. This often occurs before 
any change in the optic nerve is discoverable by the ophthalmoscope. 
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The yellow spot of one’s own eye can be rendered evident by 
what is called Clerk-MaxwelTs experiment: — On looking through a 
solution of chrome-alum in a bottle with parallel sides, an oval 
purplish spot is seen in the green colour of the alum. This is duo 
to the pigment of the yellow spot. 



Fio 820 rennif'tcr diaib showing avi-iagi) Adds of vision fot wliito and thiis* 
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Visual Sensations. 

Visual sensations are of two kinds, colour seiisatiuns and colour- 
less sensations. Colour sensations diller (1) in hue, for instance, blue, 
red, yellow ; (2) in saturation^ for instance, pale green and full green ; 
this depends upon the degree of admixture with white light ; and (3) 
in intensity, for instance, a weak sensation or a strong sensation. 
These differences are in part dependent respectively on the length, 
the purity, and tho amplitude of the light- wave ; but they are also 
dependent on the local or general condition of the cerebro-retinal 
apparatus at tho time of stimulation. Colours also differ (4) in 
'brightness or luminosity; tliis is a purely psychological quality 
devoid of any known physical counterpart. The brightness of a 
colour may be measured by determining tho shade of grey to which 
it appears equivalent. Even the most saturated colours (for 
instance, yellow and blue) have different degrees of brightness. 
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Colourless sensations include the grey series from the deepest 
black to the most blinding white. 

If a ray of sunlight is allowed to pass through a prism, it is 
decomposc(l by its passage into rays of different colours, which are 
called the colours of the spectrum; they are red, orange, yellow, 
green, blue, indigo, and violet. The red rays are the least turned out 
of their course by the prism, and the violet the most, whilst the other 
colours occupy in order places between these two extremes. The 
differences in the colour of the rays depend upon the rapidity of 
vibrations producing the red rays being the least rapid 

and the violet the most. In addition to these, there are other rays 
which are invisible but which have definite properties ; those to the 
left of the red are less refrangible, being the calorific rays which 
act upon the thermometer, and those to the right of the violet, 
which are called the actinic or ultra-violet rays, have a powerful 
chemical action. 

White light may be built from its constituents in several ways, 
for instance, by a second prism reversing the dispersion produced by 
the first, or by causing the colours of the spectrum to fall on the 
retina in rapid succession. The best way to study the effects of 
compounding successive colour stimuli is by means of a rapidly 
revolving disc to which two or more coloured sectors are fixed. 
Each colour is viewed in rapid succession, but owing to the per- 
sistence of retinal impressions, the constituent colour stimuli give a 
single sensation of colour. 

A colourless sensation can be produced by the mixture of three 
colours, or even of two colours in certain hues and proportions. 
These pairs of colours, of which red and greenish-blue, orange and 
blue, and violet and yellow are examples, are called coniplemerUary. 

Tims blue and oranj^e, when rotated on the colour-wheel, produce a colourless 
sensation ; but it is well known that a mixture of blue and orange paint gives green. 
This is explained on the supposition that the colours used are not pure and that 
each contains green ; the true blue and orange present neutralise each other to 
produce white, and thus green is the only colour sensation obtained. 


Colour Vision. 

All visual sensations show the usual peculiarities of sensations, 
that is, they possess differences in quality, in intensity and in 
position. The intensity factor is related to the frequency of 
impulses up the optic nerve. The position depends upon the 
pattern formed on the retina and on stereoscopic vision. The 
quality remains to be considered. 

The visual sensations can be analysed psychologically into six 
distinct ones, namely, white, black, blue, green, yellow and red. 
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This moans that wo cannot recognise any mixture in these 
sensations, but we can analyse other colours into them, ejj., hlue- 
gre(m is a combination of blue with green. 

Th(i pliysical cause of visual sensations consists of radiations of 
certain wave-lengths forming tlie visible sj)ectrinn or light. Certain 
sensations cannot ho produced by any single part of the spectrum. 

The sensation of black is produced by a relative deficiency of 
stimulation and the sensation of white can ho aroused by selected 
stimuli from two or more jiarts of the spectrum up to the wliole 
of the s])cctrum of selected light sources. Thus we see that 
a unitary sensation is not necessarily related to a homogeneous 
stimulation. 

AVith the exception of black and shades of colours with it all 
colour sensations can he aroused by using mixtures obtained from 



Fif). 830 — Diagram (jf th« thice prmiaiycolour s»«satioiis ' ( Voung-llelmlioltz 
thoory ) I iH tli« led; 2, RitM'ii, .iiid 3, violet primary coloiir-seiisatioii 
'I’lio lettering indicates tint colours of the spectiuin The diagraiii 
uicluates by the height of the ciine to what extent the several pninaiy 
faciisatioiis of colour are excited by vibiations of dillerent wave-lengths 


three selected regions of the spectrum and the ones selected are 
usually red, green and blue (or violet). This fundamental relation- 
ship led Ahiung to suggest that there were three sets of nerve fibres, 
one set for each of the three selected colour sensations. This 
trichromator theory was elaborated by Helmholtz who added the 
idea that there were three photosensitive substances in the retina 
which were acted upon to different degrees by the various parts of 
the spectrum. Up to the present only one photosensitive substance 
(visual purple) has been demonstrated, and it is acted upon by the 
whole of the visible spectrum in a comparable degree to the 
sensitivity of the eye to light. 

A rival theory proposed by Hering is based on psychol()gicq(.l„ 
consider atioiis . It can be di8j)roved in relation to the' sensation of 
yellow. According to Jlering’s hypothesis the yellow sensation is 
due to a cancelling of photo-chemical effect when stimuli corre- 
sponding to red and to green are balanced on the retina. As a 
sensation of yellow can be produced by binocular fusion in wliich 
one eye is stimulated to give a red sensation and the other to give 
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a green one, this balancing cannot bo in the retina but beyond the 
optic cbiasma. 

The Young - ilelmboltz hyj)otliesis described earlier is not 
satisfactory in explaining red-groon confusion. At present the only 
modification of Young’s hypothesis which, according to Eoaf, seems 
most satisfactory is based on the presence of coloured globules in 
the retime of amphibians, reptiles, birds and marsupials. Each of 
these globules is in front of a cone so that that cone can be 
stimulated only by that portion of the spectrum which passed 
through the coloured globule. Unfortunately, these globules have 
never been described in the retina of mammals. On the other 
hand, many mammals may have defective colour vision. 

Defective Colour Vision. — Defective colour vision may be due 
to disease of the eye, but the commonest form is congenital. The 
defect in the usual typo is a failure to distinguish the parts of the 
spectrum in the region which gives rise to the sensation of yellow. 
Jn well-marked cases the failure extends so far that the individual 
cannot distinguish red froin green. This form of defective colour 
vision, therefore, is described as red-green confusion. 

C. J. Burch found that by exposing the eye to bright sunlight in the focus of 
a burning-glass behind transparent coloured screens, it is possible to produce 
temporary colour-blindness. After red light, the obsefl|||r is for some minutes red- 
blind, scarlet geraniums look black, yellow flowers green, and purple flowers violet. 
After violet light, violet looks black, purple flowers crimson, and green foliage 
richer than usual. After light of other colours, corresponding effects are produced. 
If one eye is made purple-blind, and the other green-blind, aU objects are seen in 
their natural colours, but in exaggerated perspective, due to the difficulty the brain 
experiences in combining the images from the two eyes. 

By using a brightly-illuminated spectrum, and directing the eye to certain of its 
colours, the eye in time becomes fatigued and blind for that colour, so that it is no 
longer seen in the spectrum. Thus, after green blindness is induced the red 
apnears to meet the blue, and no green is seen. If, however, the eye is exposed to 
yellow light, it does not similarly become blind for yellow only, but for red and 
green too. This supports the Young-IIelmholtz theory, that the sensation yellow 
is one conmouiided ot the red and green sensations. By an exhaustive examination 
of the different parts of the spectrum, in this way it tlius becomes possible to 
differentiate between the primary colour sensations and those which are compound. 
By a study of this kind, Burch concluded that the phenomena of colour vision are 
in accordance with the Young-Helmholtz theory, with the important addition that 
there is a fourth primary colour sensation, namely, blue. He could not discover 
that colour sensations are related to each other in the sense indicated by Hering. 
Each may be exhausted without either weakening or strengthening the others. 
These observations were confirmed by examining in a similar way the colour 
sensations of seventy other people, but there are individual differences in the 
extent to which the colour sensations overlap. 

Edridge-Green aims at describing facts rather than theories. Normal people 
are hexachromic, i.e.^ they can name six colours (and eighteen shades) in the 
spectrum ; a few {iconic are more exj^ert and can see a seventh colour — indigo 
Ixjtwcen blue and violet, and can distinguish more shades. Colour-blind people 
may be (a) tliose who can see the whole spectrum and cannot distinguish its 
colours; some can see only two colours in it; (&) those who cannot see either the 
red 9T tbp viokt end, but can nevertheless discriminate the colours in the parts 
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that are visible ; and (c) those who combine both defects. There may be all 
grades of these defects. The colour-blind person is usually a dichromic and can 
distinguish only the two ends of the spectrum as different colours ; if this is com- 
bined with a shortening of the red end, the defect is more pronounced and more 
dangerous ; others are trichromic and can distinguish red, green, and violet ; 
between this and the normal there may also be tctra- and pentachromic people. 

Tests for Colour-Blindness. — This red-groon confusion is of 
practical importance as coloured signals must be recognised by 
railway and marine employees, and to a certain extent by motor 
drivers. 

The most practical test is the use of a lantern showing coloured 
lights, the importance of wliich was demonstrated by Edridge-Green. 

As colour recognition depends upon the intensity, area stimulated 
and duration of exposure, these factors should be considered, and 
for proper testing small apertures at a suitable distance must be 
employed. Matching colours as in Holmgren’s wool test is not 
satisfactory, as the texture, lujuinosity, etc., furnish ancillary means 
of distinguishing one object from the other. If such tests are 
employed the materials should be of wool, silk, etc,, uoixed so that 
the surface rellexioiis will confuse the examinee. 

A very simple and reliable method is to use psoudo-isochromatic 
plates, that is, figures on which numbers or letters can be detected 
by differences in colour, but the colours are so chosen that the 
person with defective colour vision fails to see the pattern 
recognised by the normal person but may see quite a different 
outline. The best of these is Tshihara’s in which the colours are 
formed of spots which dilfer in size and purity as well as in hue so 
that the recognition of the object can bo only by the difference 
in hue. 

After-Images . — These are the after-effects of retinal excitation, 
and are divided into positive and negative. Positive after-images 
resemble the original image in distribution of brightness and 
colour. In negative after-images bright parts appear dark, dark 
parts bright, and coloured parts in the complementary colours. 

If a bright white object is looked at, and the eyelids are then 
closed, a positive after-image is seen which fades gradually, but as it 
fades it passes through blue, violet, or red to orange ; according to 
the Young-Helmholtz theory, this is explained on the hypothesis 
that the excitation does not decline with equal rapidity in the three 
colour terminals. A positive after-image is readily obtained by 
momentarily looking at a bright object, e.g. a window, after waking 
from sleep. Negative after-images may be seen either by closing 
the eyes or by turning them to a uniform grey surface after viewing 
an object steadily. If the object looked at is coloured, the negative 
after-image seen upon such a background is in its complementary 
colour; this is explained by the Young-Helmholtz theory, on the 
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Plate to illustrate simultaneous and successive contrast. 


For explanation see text. 
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supposition that the colour-perceiving element for the colour looked 
at is the most fatigued, and the terminals for its complementary 
colour least fatigued. On the Hering theory, one colour produces 
anabolic or katabolic effects as the case may he ; on withdrawing the 
eye from stimulation by that particular colour, the opposite phase of 
metabolism takes place and produces the complementary colour. 

Simultaneous and Successive Contrast . — Negative after-images are 
frequently spoken of as phenomena of successive contrast. The 
phenomena of simultaneous contrast are well illustrated by the 
four figures of the accoiupanyiTig Plate. In all these figures the 
oblong grey strip is actually of the same brightness. This can easily 
be proved by screening from view the surrounding parts of the 
figures, which cause the greys to appear different. The grey in I 
appears darker than that in II, while the grey in III appears 
yellowish, and in IV reddish. If these effects are not sufficiently 
obvious, they immediately become so when the entire surface is 
covered over with a sheet of thin tissue paper. 

Pigs. I and I[ are examples of hrightness contrast; Pigs. Ill 
and IV of colour contrast. The effects of these two varieties of 
simultaneous contrast may be stated thus: a given grey object looks 
darker when viewed against a bright background than when viewed 
against a dark background ; when the background is coloured, it is 
tinged with the complementary colour of the former. 

Helmholtz attributed the effects of simultaneous contrast to 
errors of judgment, and not to altered conditions of the retinal 
apparatus.* P>ut there can be no doubt that simultaneous contrast 
has as simple a sensory origin as successive contrast (negative after- 
images). Por if either of the two lower figures of the Idate is care- 
fully fixated for about a minute (fixation of the central dot will 
help to prevent involuntary movements of the eyes), and if the 
gaze is then transferred to a spot on a sheet of white or grey paper, 
not only will the outer squares appear in their complementary 
colour, but also the grey strq^s will appear tinged, now likewise in a 
complementary colour. So, too, if a point midway between Figs. I 
and II is fixated, and the Plate held at a sufficient distance for 
both figures to be simultaneously visible, the after-image of the grey 
strip of II will appear darker than that of I. 

Seeing that simultaneous contrast persists in after-images, and 
seeing how generally recognised are its effects (for instance, by the 
painter, who depicts in Uue the shadows cast by an object on the yellow 
sand), it seems far more probable that the part played by the higher 
mental processes consists, not, as Helmholtz supposed, in causing the 

* By “ retina ” here and elsewhere we mean “ cerebro-retinal apparatus.” We 
have no knowledge of the precise share of retina and brain in the development of 
visual sensations and after-sensations. 
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illusion, but in reducing or overcoming it. According to this view, 
experience educates us to see objects in what we know to be their 
real colour, instead of in the colour which would result from the 
operation of simultaneous contrast. Some support is lent to this 
view by the fact that contrast is much enhanced when all irregu- 
larities are, as far as possible, eliminated from the surface of the 
object (here, the grey oblong) in which the contrast colour is 
induced, or when that object is made to appear, e.(j. by covering the 
whole with tissue paper, to combine with the object (the coloured 
square) which induces the contrast colour, so as to form an apparently 
single object. On the other hand, colour contrast is very markedly 
reduced, if the grey object is outlined in pencil on the tissue paper 
through which it is viewed. Thus, whatever tends to the apparent 
independence of the object in which the contrasting colour is induced 
tends to the reduction of the contrast effect. 

Insisting on the sensory nature of simultaneous contrast, Hering 
explained it in the following way. He supposed that excitation 
of an area of the retina by a stimulus of given colour or brightness 
simultaneously induces an opposite metabolic process in the same 
colour apparatus in neighbouring areas of the retina. When, for 
example, a part of the retina is being stimulated by blue, the 
anabolic change thus evoked in the yellow-blue apparatus simultane- 
ously is supposed to induce a katabolic change in the same apparatus 
in the neighbouring retinal area which is being excited by a grey 
stimulus. Consequently, the grey acquires a yellowish tinge. 

Binocular Colour-mixture . — By means of the stereoscope, binocular 
combinations of colour can be obtained. Thus, if one eye is exposed 
to a red disc, and the corresponding portion of the other eye to a 
yellow one, the mind usually perceives one disc of an orange tint; 
but frequently, especially if there bo differences of brightness or of 
form in the two objects, we notice that “rivalry of the fields of 
vision ” occurs, first one then the other disc rising into consciousness. 
A stereoscopic combination of black and white produces the appear- 
ance of metallic lustre ; this is very beautifully shown with figures of 
crystals, one black on a white ground, the other white on a black 
ground. The combination of black and white is interpreted as 
indicating a polished surface, because a polished surface reflects 
rays irregularly, so that the two eyes receive stimuli of unequal 
intensity. 

Nervous Paths connected with Vision. 

The correspondence of the two retime and of the movements of 
the eyeballs is produced by a close connection of the nervous centres 
controlling these phenomena, and by the arrangement of the nerve- 
fibres in the optic nerves. The crossing of the nerve-fibres at the 
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optic chiasnia is incomplete, and the next diagram (fig. 331) gives 
a simple idea of the way the fibres go. 

It will be seen that it is only the fibres from the inner portions 
of the retime that cross; and that those represented by shaded 
paths from the rigid side of the two retinm ultimately reach the right 



Fig. 831.— Diagniin to bliow th«' p.itlis of tJu iienous impulses eonceiiieil iii .si},'lit, also 
thoso eomiected with tho iniioivation ot the jmpil. (Fiom MeDowall’s The Science of 
Signs and Symptomt< ) 


hemisphere, and those represented by darker lines from the left 
side of the two retime ultimately reach the occipital cortex left 
hemisphere. The two halves of the retinoB are not, however, 
separated by a hard-and-fast line from one another; the two 
halves slightly overlap, which means the central region of each 
retina is represented in each hemisphere. It has been found 
that the macula is represented by a relatively large area on the 
cortex. 
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"J’iie part of the hemisphere concerned in vision is the occipital 
lobe (see (Jerobral Localisation). 

hig. 831, though diagrammatic, will assist the readm* in more 
fully (iompreluinding the paths of visual impuls(;s, and the central 
connections of the nerves and nerve-centres concerned in the process. 
The fibres from the retina to the external geniculate body end there 
by arborising round its cells, and a fresh relay of fibres from these 
cells passes in the posterior part of the internal capsule to the 
cortex of the occipital lobe. Those to the anterior corpus quadri- 
geminum are continued on by a fresh relay to the nuclei of the 
nerves concerned in eye-movements (represented by the oculo-motor 
nucleus in the diagram); the axons of the cortical cells pass to the 
tegmentum, whence a fresh relay continues the impulse to the oculo- 
motor nucleus. 

The Reflexes of the Eye. 

The reflexes in the region of the eye are not only of physiological 
interest, but not infrequently of valuable diagnostic significance. 

The Conjunctival Reflex. — This reflex is designed to protect the 
cornea from injury, and has for its afferent path the fifth nerve and 
its endings in the conjunctiva. When this path is stimulated the 
impulse passes backwards to the ('lasserian ganglion, and thence 
via the pons to the oculo-motor nerve, which brings about closure 
of the eyelid. Tf the stimulation is sulficiently severe, the nucleus 
of the seventh nerve is also stimulated, producing constriction of 
the orbicularis palpebrarum. 

Eeflex closure also occurs if a blow is seen coming towards the 
eye, but in this instance the path must depend on association fibres 
between the optic tract with which the optic nerve is continuous and 
the nuclei of the third and seventh nerves. 

The Light Reflex. — By the light reflex the retina is protected 
from an excessive or dangerous amount of light, Tt is a true reflex, 
the afferent path being the optic nerve and tract to the superior 
colliculus and to pretectal region ^ transitional area between the 
thalamus and mid-brain where they synapse. Some second neurones 
(Meynert’s fibres) cross in the posterior commissure to reach the 
Edinger-Westphal division of the nucleus of the third nerve and some 
go direct (see fig. 331). It seems likely from the action of atropine, 
that the fibres of the third nerve which supply the iris sphincter 
are really parasympathetic in nature, although they have their 
origin in close association with the nucleus of the third nerve in 
the floor of the aqueduct of Sylvius. Atropine is known to paralyse 
all parasympathetic activity. ^ 

It is important to remember the bilateral nature of the stimulus 
in any attempt to elicit the reflex. The stimulus for each pupil 
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arises from half the retina of both sides. To obtain the reaction, 
both eyes must be shaded and one suddenly uncovered, when, if the 
patient has been asked to look towards the light, the pupil is seen 
to contract. 

Ill tabes, and general paralysis, the absence of the light reflex 
with the retention of the reaction to accommodation — the so-called 
Argyll-Pvobertson pupil — is often obtained. It will be seen from 
fig. 331 that such a condition can be brought about by degeneration 
of Moynert’s fibres which cuts off the efferent from the afferent 
neurone in the light reflex. It is clear from the figure that it is 
necessary to keep the eye not under investigation covered, for the 
third nerve nucleus may be influenced by impulses reaching it from 
both eyes. 

The Reaction to Accommodation, although strictly speaking not 
a reflex, is commonly investigated with the reflexes of the eye. 
It is really a motor movement associated with convergence, and 
designed to cut off those parts of the field of vision less accurately 
focussed. More detailed images are produced by focussing on the 
macula which is straight behind the centre of the pupil. As the 
mechanism of accommodation is so closely related to that of 
refraction, it has been considered in relation to “Vision.” 


Visual Judgments. 

The psychical or mental processes which constitute the visual 
sensation proper have been studied to a far greater degree than is 
possible in connection with other forms of sensation. 

We have already seen that in spite of the inversion of the 
image in the retina, the mind secs objects in their proper position 
(see p. 826). 

We are also not conscious of the blind spot. This is partly due 
to the fact that those images which fall on the blind spot of one eye 
are not focussed there in the other eye. But even when one looks 
at objects with one eye, there is no blank, for the reason explained 
on p. 838. 

Our estimate of the size of various objects is based partly on the 
visual angle (p. 831) which they subtend, but much more on the 
estimate we form of their distance. Thus a lofty mountain many 
miles off may be seen under the same visual angle as a small hill 
near at hand, but we infer that the former is much the larger 
object because we know it is much farther off than the hill. Our 
estimate of •distance is, however, often erroneous, and consequently 
the estimate of size also. Thus persons seen walking on the top of 
a small hill against a clear twilight sky appear unusually large, 
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because wo overestimate their distance, and for similar reasons 
most obj'ects in a fog appear immensely magnified. 

The action of the sense of vision in relation to external objects 
is, therefore, quite different from that of the sense of touch. The 
objects of the latter sense are immediately present to it; and 
our own body, with which they come in contact, is the measure of 
their size. The part of a table touched by the hand appears as large 
as the part of the hand receiving an impression from it, for the part 
of our body in which a sensation is excited, is here the measure by 
which we judge of the magnitude of the object. In the sense of 
vision, on tho contrary, the images of objects are mere fractions of 
the objects themselves, realised upon the retina, the extent of which 
remains constantly^ the same. Blit the mind, into which the 
sensations of vision are incorporated, invests the images of objects, 
together with tlie whole field of vision in the retina, with very 

4^ B 


Fig. 832. — Diagrams to illustrate liow ajudgmoiit of a figure of three diinonsioiis is obtained 

varying dimensions ; the relative size of the image in proportion to 
the whole field of vision, or of the affected parts of the retina to the 
whole retina, alone remains unaltered. 

The estimation of the form of bodies by sight is the result partly 
of the mere sensation, and partly /f the association of ideas. Since 
the form of the images perceived by the retina depends wholly on 
the outline of the part of the retina affected, the sensation alone is 
adequate to the distinction of superficial forms from each other, as of 
a square from a circle. But the idea of a solid body such as a 
sphere, or a cube, can only be attained by the action of the mind 
constructing it from the different superficial images seen in different 
positions of the eye with regard to the object, and, as shown by 
Wheatstone and illustrated in the stereoscope, from two different 
perspective projections of the object being presented simultaneously 
to the mind by the two eyes. 

Thus, if a cube is held at a moderate distance before the eyes, 
and viewed with each eye successively while the head is kept 
perfectly steady, a (fig. 382) will be the picture presented to the 
right eye, and B that seen by the left eye. Wheatstone has shown 
that on this circumstance depends in a great measure our conviction 
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of the solidity of an object, or of its projection in relief. If different 
perspective drawings of a solid body, one representing the image 


seen by the right eye, the other that seen by the left (for example, 

f V ^ 



the drawings of a cube, A, n, fig. 332), are presented to corresponding 
parts of the two retime, as may be readily done by means of the 
stereoscope, the mind will perceive not merely a single representa- 
tion of the object, but a body projecting in relief, the exact counter- 
part of that from which the drawings were made. 



Fio. 331 — /((liner’s linns 


By transposing two stereoscopic pictures a reverse effect is pro- 
duced ; the elevated parts appear to bo depressed, and vice versa. 
An instrument contrived with this purpose is termed a 
Viewed with this instrument a bust appears as a hollow mask, and 
as may readily be imagined the effect is most bewildering. 
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Tlio clearness with which the details of an object are perceived 
irrespective of accommodation, would appear to depend largely on 
the number of rods and cones which its retinal image covers. Hence 
the nearer an object is to the eye (within moderate limits) the more 
clearly are all its details seen. Further, if we want carefully to 
examine any object, we always direct the eyes straight to it, so 
that its image shall fall on the two maculie, where an image of a 
given area will cover a larger number of cones than anywhere else 
in the retina. Moreover, as previously pointed out, each cone in the 
macula lutea is connected to a separate chain of neurones. 

'bhe importance of binocular vision is very great. If an object is 
looked at with one eye only, it is impossible to estimate its distance 
by the sense of vision alone. For instance, if one eye is closed and 
the other looks at a wire or bar, it is impossible to tell whether, if 
someone drops a small object, it falls in front of or behind the bar. 

Visual judgments are not always correct; there is a large 
number of puzzles and toys which depend on visual illusions. One 
or two of the best known are represented in the accompanying 
diagrams. 

In fig. 333, A, B, and c are of the same size ; but A looks taller 
than B, while c appears to cover a less area than either. The sub- 
division of a space or line increases its apparent size or length. 
In fig. 333 D, ab is equal to he. Vertical distances also are usually 
overestimated. In fig, 334 the long lines are parallel, though 
they do not appear so, owing to the influence of the intercrossing 
lines. 
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THE DUGTLESR GLANDS 

Most glands have an external duet through which tlieir secretion 
passes, hut the ductless glands, as their name suggests, pour their 
secretion internally * into the lympli and the blood-stream. Some 
glands, such as the pancreas, produce both an external and an 
internal secretion. 

In the very difficult study of the functions of the glands a 
number of courses have been adopted, and eacli has been ap}die<l 
with varying success to each of the glands. (1) Ilemoval of the 
gland , this may be done surgically, or a functional removal of 
the gland may occur as a result of disease. (2) The administration 
of the gland or its extracts to man and animals or an increase in the 
activity of the gland, (3) The study of the histology and develop- 
ment in the animal, and in dihereiit animals, also lias been of value 
in throwing light on their functions. 

Some of the substanc.es elaborated by the gland are very active 
but others act very slowly; practically all are present in too small 
amounts even in the blood leaving the gland to permit of reliable 
chemical assay. 

Biological methods of assay have to be used. The substances 
elaborated by the glands are known as hormones. 

Some of tlio ductless glands have already been studied in 
ndation to their chi(;f fumjtions, c<j, the tliyroid in relation to 
general metabolism, and the pancr(3as in relation to carbohydrate 
metabolism. The pituitary body and adnmal glands have more 
generalised activities. 


THE ADRENAL GLANDS. 

These are two triangular bodies, each resting upon the upper 
border of the kidney. 

The gland is surrounded by an outer sheath of connective tissue, 
and consists of an outside firmer cortex and an inside soft, dark 
medulla. Eacli portion is developed separately. 

* Hence the term “ endocrine ” given by Sharpey Scliafer. 
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(1) The cortex is divided into (fig. 336) columnar groups of 
cells {zona fascwulata). Immediately under the capsule, however, 



Fio, 835.— Vertical section through part of the cortical portion of adrenal of guinea-pig. a, Cap. 
sule; 6, zona glonienilosa ; c, zona fasciculata; d, connective tissue supporting tlie columns of the 
cells of the latter, and also indicating the position of the blood-vessels. (S. K. Alcock.) 



Fio. 886.— Section through a portion of tlie medullary part of the adrenal of guinea-pig. The 
vessels are very numerous; tlie fibrous stroma more distinct than in the cortex, and is, more- 
over, reticulated. The cells are irregular and larger, clear, and free from oil globules. (S. K. 
Alcock.) 
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the groups are more rounded {zona glomeru! osa), while next to the 
medulla they have a reticular arrangement {zo7ia reiicularis). The 
cells are polyhedral, each with a nucleus, and contain lipoid globules. 

(2) The medulla consists of a coarse meshwork of hbrous 
tissue, in the alveoli of which are masses of multinucleated proto- 
plasm (fig. 336), numerous blood-vessels (sinusoids, see p. 862), and 
an abundance of nerve-fibres and cells. 

The tissue of the adrenal medulla is often called chromaphil tissue, on 
account of the ready way in which it stains with cliromic salts. Such tissue is, 
moreover, not confined to the .suprarenal, but is found in scattered patches m the 
retro-peritoneal region and in many sympathetic ganglia, especially in the 
abdomen. The histological resemblance is accentuated by the presence of 
numerous sympathetic cells in the suprarenal meduUa. The chromaphil tissue 
wherever found always yields adrenaline. 

The importance of the adrenal bodies was first indicated by 
Addison, who, in 1855, pointed out that the disease now known 
by his name is associated with pathological alterations of these 
glands. Brown-S6quard found a few years later that removal of 
the suprarenals in animals is invariably and rapidly fatal. The 
symptoms are practically the same (although more acute) as those 
of Addison’s disease, namely, great muscular weakness, loss of 
vascular tone, and nervous prostration. The pigmentation (bronzing) 
of the skin, however, which is a marked symptom in Addison’s 
disease, is not seen in animals. 'J'hese experiments have been 
confirmed, but more and more evidence has accumulated to show 
that it is tlie cortex rather than the medulla which is essential 
to life. 


Effects of Adrenal Extracts. 

The activity of adrenal extract was discovered by Oliver and 
Schafer in 1894, and since that time a large amount of work has 
been done. 

Adrmalinc . — The active principle may be extracted from the 
medulla of the gland and has ])een isolated by Takamine and 
synthesised. It is shown to be closely related to tyrosine, but the 
exact significance of this fact is not yet understood. 


OH OH 



CH(OH) . CH NH . CHg. CHg . CH(NH2) • COOH. 

[Adronatine.] [Tyrosine.] 

Its various actions suggest a preparation for muscular activity. 
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The iiiiiuediate effect on the circulation of intravenous injection 
is most striking. It causes a marked rise of blood-pressure, as a 
result of great constriction of the arterioles and, probably, the 
capillaries. If the vagus nerves have been cut the effect on 
blood - pressure is still greater, since the drug then causes the 
heart to contract with greater force and speed. This effect may be 
best shown on the isolated heart perfused with Locke’s solution. 
The slowing of the heart when the vagi are intact is due partly to 
the operation of the depressor and carotid reflexes (Ileymans), and 
partly to direct action of the drug or increased cranial pressure 
(An rep and Starling) on the vagus centre. 

The action of adrenaline appears to be more particularly marked 
on the vessels of the alimentary canal and the skin, although, in 
large doses, it probably constricts all vessels. If a limb is skinned, 
moderate doses, as shown by the plethy sinograph, cause the vessels 
to dilate, although the control normal limb diminishes in volume. 
The coronary vessels like those of the muscles are dilated. 

It must, however, be understood that adrenaline is effective 
in doses which have little or no effect on the blood-iuossure. 
Fig. 337, p. 865, shows some of its actions. If adrenaline is injected 
subcutaneously into unanoesthetised animals, the rise of blood-pressure 
may persist for several hours as the absorption is slow. 

The motor actions of adrenaline but not the inhibitory are 
reversed by ergotoxine and ergotamine. 

Very small doses of adrenaline, 1 in 1,000,000, in etherised 
animals cause a fall of blood-pressure, duo it appears to the skin 
and alimentary vessels being thrown out of action by the ether and 
to the fact that the effect on the vessels of the muscles is able to 
show itself (Dunlop). 

Effect on Metabolism and. llesjyiration . — Adrenaline has also 
an important action in the mobilisation of glucose. It reduces the 
glycogen in the liver, at the same time causing a hyperglycpemia and 
consequent glycosuria. It thus counteracts the effects of insulin. 

It has been shown also to increase the metabolic rate. In the 
unanyesthetised animal, or in an animal which has been allowed to 
rest under chloralose amesthesia, a marked and prolonged increase of 
respiration is evident ; but whether this is secondary to the metabolic 
effect is not clear. 

This is to be distinguished from the better known “ apnoea,” which 
occurs immediately after the injection of a large dose of adrenaline, 
and which has now been shown to be due to impulses which pass up 
in the vagus and from the carotid sinus as a result of the rise of 
blood-pressure (Ileymans, Samson Wright). 

Effects on the Alimentary Canal . — If a piece of intestine is 
placed in a bath of Einger’s solution (which contains in addition 
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phosphate ions), spontaneous contraction occurs. This is stopped by 
very minute (1-1,000,000) doses of adrenaline. This and other 
experiments indicate that the movements of the alimentary canal 



Fkj 337 —Record of volume changes of a skinned limb, SLV, and of an intact limb, NL, and of the 
blood-pressuro of an animal to which a minute dose of adrenaline has been administered 
intravenously. The skin constriction and muscle dilatation are well seen and cannot bo asciibo<i 
to changes m blood-jiressuie, since these'are negligible. (MeDowall.) 


are brought to a standstill by the action of adrenaline. The 
sphincters, ileocolic and pyloric, are stimulated and food is thereby 
prevented from moving from one region to another (Elliott). The 
musciilaris mucosa is also stimulated (Gunn). 

2 E 
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Other Effects . — Adrenaline also causes dilatation of the bronchi, 
and for this reason it is extensively used in tlie treatment of 
spasmodic asthma. 

There has been a considerable amount of researcli done on the 
problem of whether adrenaline acts on voluntary muscle in con- 
sideration of the sympathetic supply of the latter. It appears, 
however, to be established that adrenaline has no effect on muscle 
tone, but that it does definitely have an effect in improving 
muscular contraction (Schafer), and in diminishing muscle fatigue 
(Nice and Cannon). This may be looked upon as subsidiary to the 
effects described above. 

Adrenaline dilates the pupil and erects the hairs in lower 
animals. The dilatation of the pupil occurs afte%all nerves to the 
eye have been cut; indeed, if the nerves have been allowed to 
degenerate, the pupil reaction becomes more sensitive than before, 
a fact which shows clearly that adrenaline, although it acts like 
the sympathetic, does not act on nerve-endings but possibly 
through an intermediate substance. 

In amphibia, adrenaline causes a contraction of the pigment cells of 
the skin, causing the animal to be pale in colour. The one sympatho- 
mimetic action which adrenaline lacks is on the sweat glands. 

The Destruction of Adrenaline . — Adrenaline is dc^stroyed in the 
liver very rapidly. In solution, especially if dilute and alkaline, it 
rapidly becomes oxidised and loses its potency. 

Development of the Adrenal Glands. — The relationship to the 
sympathetic is also seen in the mode of development of the gland. 
The medulla of the organ is developed, quite separately from the 
cortex, from that part of the neural crest which subsequently 
becomes differentiated into the sympathetic and the posterior root 
ganglia. It is, therefore, of interest that sensory stimulation, 
adrenaline, and stimulation of the sympathetic all bring about 
similar reactions. 

The medulla gradually grows into the cortex which is developed 
in relation to the upper part of the Wolffian body and therefore to the 
ovary and testis. In certain fishes this amalgamation does not take 
])lace, and so in them it has been possible to note the effects of removal 
of one part or the other. From these experiments, and from others 
in mammals where operations for removing one part only have been 
attempted, as well as froju the study of disease, the conclusion has 
been reached that of the two the cortex is the more essential 
for life. 

The Secretion of Adrenaline and Functions of the Adrenal 
Glands. — The exact function of adrenaline and whether or not it is 
circulated in the blood in the resting animal has been much debated. 
The evidence now appears to be in favour of its being constantly 
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present in the l)loo(l in small rpiantities. At the same time, it 
is apparent that it is not essential for the maintenance of blood- 
pressure since animals can 1)0 kept alive if the adrenals are I'omoved 
and cortical hormone administered. 

A large number of facts, however, goes to show that it may 
be thrown into the circulation in greater amounts under conditions 
of stress. The secretion of adrenaline is certainly under control 
of the medulla, since, if this is excited by asphyxia or if the 
splanchnic nerves which supply the gland are stimulated, adrenaline 
is secreted. A fall of ])ressure in tlie carotid sinus also causes a 
secretion. Great ditficulty has been experienced in arriving at any 
method of demonstrating the secretion of adrenaline; the best 
evidence is acc#eration of the denervated heart and dilatation 
of the pupil in an animal whose eye reaction has been made 
specially sensitive by the previous section of the sympathetic 
nervous supply. The method of supplying the adrenals with blood 
from another animal (Tournade) lias given the most unequivocal 
results. According to Cannon, adrenaline is secreted under con- 
ditions of emotional stress, such as rage and fear, and from what 
has just been said regarding the action of adrenaline and of the 
sympathetic, it will be seen that the secretion of adrenaline will be 
of considerable advantage in augmenting the action of the nervous 
mechanisms and, in exercise that of carbon dioxide,(ln) increasing the 
heart rate, metabolic rate, blood-sugar, and respiration. 

Adrenaline is probably of considerable value in the protection 
of the body against cold and in fever (Cramer, Jhitton and others). 
If the adrenals are removed a given amount of cold causes mucli 
greater shivering than normally, and the amount of adrenaline in 
the glands is found to be much less than the normal resting value. 
ISTo doubt the action of adrenaline assists in protecting the animal 
against cold by constricting the vessels of the skin. Estimations of 
the amount of adrenaline in the suprarenal are made by extracting 
the gland and finding the minimum amount of the extract which 
will inhibit a piece of spontaneously contracting intestine, or by 
estimating the depth of the blue colour the extract produces with 
certain reagents. 

Another important function of the suprarenal is undoubtedly the 
annulling of the effects of toxic substances, such as histamine, which 
may be absorbed from the intestine or from wounds. Histamine is 
the degradation product of the amino-acid histidine, which is produced 
by the digestion of protein. It has been shown by Kellaway and 
Cowell that an animal in which the medulla of the suprarenal has 
been destroyed is especially sensitive to the capillary dilator effects 
of histamine, while it may also bo demonstrated that under suitable 
conditions there may be a secretion of adrenaline when histamine is 



868 


THE DUCTLESS GLANDS 


[CH. LX. 


injected intravenously (Dale and Burn). In certain circumstances 
the rise due to adrenaline secretion may be very prolonged 
(McDowall), a fact which may have some l)earing on the production 
of high l)lood-pressure in man. 

The precise function of the suprarenal cortex is still unknown, 
])ut it is evident that most of the disturbances brought about by 
disease or removal of the adrenals are due to loss of the function 
of the cortex, for it has now been found possi])le to keep adrenal- 
ectomised animals alive by administering extracts of the cortex. 
Such extracts have l)een prepared ])y Swingle, Pfiffner, Hartman and 
others, ])ut mor(5 recently Verzar has found that similar results can 
be brought about l)y the giving of vitamin B or flavinphosphoric 
acid. 

Verzar suggests that tlio cortex is intimately connected with 
certain synthetic processes in the body especially wliero phosphorus 
is concerned, e.g. in the building up of gly(;ogen and phosphagen 
in the muscle. The muscular weakness of Addison’s disease would 
be due to failure of such recovery processes ajid to the loss of 
the aniniars power of synthesising neutral fat and of the raj)id 
selective absorption of glucose. 

The cortex is particularly rich also in vitamin C, having three 
times the amount of ascor])ic acid present in orange juice (Szent- 
(lyorgyi). ^bhe presence of such a strongly reducing substance 
suggests that it may be concerned in preventing the destruction 
of the very easily oxidised adrenaline of the medulla. 

The liormone is concerned also in the protection of tlie animal 
against histamine absorption (Kellaway) and it has been claimed 
that death after adrenalectomy is due to the capillaries becoming 
excessively permeable. The lipides of the meiiibranes may be 
involved. 

There is reason to believe that the hormone is intimately concerned 
with the water-salt balance in the body. After adrenalectomy 
sodium and water are lost from the body and dehydration occurs. 
The administration of sodium chloride to patients with Addison’s 
disease is very beneficial. How the hormone acts is unknown, 
it may be by affecting membrane permeability. In death from 
adrenalectomy blood concentration is a marked feature. 

The cortex has some important relation to the reproductive 
system, as is suggested by its development. Evidenoe of this is 
seen in the fact that tumour-overgrowths of the cortex lead in 
male children to premature development of the sexual organs and 
pubic hair, and in females to the appearance of masculine characters, 
such as the growth of hair, enlarged clitoris and diminution of the 
breasts. When this occurs in adults (virilism) histological changes 
in the cortex are found at death (Vines). It seems possible that 
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this is related to the high lipide and choline contents of the cortical 
cells. The cortex is appreciably larger in the female than in the 
male and enlarges in pregnancy when the blood cholesterol is 
increased. This suggests that it has some importance in regulation 
of body activities during pregnancy. 

M'Carrison emphasises also that the cortex is antagonistic to 
the thyroid. 

In conclusion, it may be suggested that probably the functions 
of the cortex are not^so diverse as at present appear, and that it 
controls some fundamental process common to all its apparent 
activities. 

It may bo that eventually these various activities of the hormone 
will be shown to be due to the cortex having soine fundamental 
action allecting many pi ocesses similarly. 


THE PITUITARY BODY. 

This occupies the sella turcica of the sphenoid l)one. It may 
be divided into several parts, which show developmental, structural, 
and functional diirerences (P. T. Herring). See fig. 338, p. 870. 

(1) The anterior lobe is developed as a tubular prolongation from 
the ectoderm of the buccal cavity, but the growth of intervening 
tissue soon cuts off all connection with the mouth. It consists of 
large granular cells and numerous blood-vessels. 

(2) The 2 >osterior lobe . — This is connected to the floor of the third 
ventricle, of which it forms a developmental outgrowth; in some 
animals (cat) it remains hollow throughout life, in others (dog) the 
neck alone remains hollow, and in most (including man) both body 
and neck are solid, with traces of a cavity in the neck. Though 
developed from the brain, it contains in the adult no nerve cells, but 
consists mainly of neuroglia. It is surrounded and invaded by the 
epithelium cells and colloid matter derived from the pars intermedia. 
It plays the part of a gland in virtue of these epithelial cells. 

(3) The pars intermedia . — This lies between the anterior and 
posterior lobes, and forms a closely fitting investment of the latter 
lobe. It is developed in association with the anterior lobe, and 
consists of finely granular cells arranged in layers closely applied to 
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the body and neck of the posterior lobe and the under-snrface of 
adjacent parts of the brain. Colloid material occurs between the 
cells and passes into the interior of the posterior lobe, and so into 
the cerebrospinal fluid tliird ventricle of the brain. 

(4) The pars tuber alis . — This surrounds the stalk by which the 
pituitary body is connected to the brain, at the tuber cinereum just 
ill front of the optic chiasma. It has a glandular structure and is 
very*Tiiscular and lias a special importance because tumours of this 
region lead to a great deposition of fat and upset of carbohydrate 
metabolism. Similar results occur from damage to the hypothalamic 
area whicli pro])ably controls the pituitary secretions. 



The Functions of the Pituitary Body. 

It was first recognised by Marie and Marinesco in 1889 that 
increase in the size of^ the pituitary led to abnormality in growth, 
but it was not until 1894 that Oliver and Schafer demonstrated that 
extracts of the gland had certain important actions. Since that time 
a large mass of evidence has accumulated to show that, as the 
development would lead one to expect, the two main parts of the 
organ have apparently different functions. 

The Anterior Lobe. — Experiments on animals show that this 
part, of the gland apjiears to be essential to life; but if a portion 
only of it is removed it is observed that the animal fails to grow 
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(Sutherland Simps^. By far the most important observations have 
been made in man vidien the pituitary becomes diseased. 

Hyperpituitarism . — Experimentally the administration of extract 
to young animals has heon shown to produce an increase in size. 
The administration lias apparently, however, to be made by injection 
into the peritoneum in mammals, but successful experiments by 
feeding have been recorded in salamanders (Uhlenhuth). The effect 
in rats is increased by removal of the gonads. 

Acidophil hipierpitmiarism . — In man, the effect of increased 
activity of the gland depends on whether growth has stopped when 
the increase begins. If the epiphyses have not joined, the bones 
of the limbs, etc., become excessively long, and gigantism is produced. 
The Irish giant, described by riohn Hunter in the eighteenth 
century, was shown by Keith to have an enlarged sella turcica, and 
in such cases it has since been found that the overgrowth is chiefly 
in the acidophil cells. Later, only the overgrowth in the other 
bones occurs. This is especially seen in the lower bones of the face 
and the bones of the hands and feet, which become grossly enlarged ; 
a characteristic appearance results which has caused the condition 
to be known as acromegaly (fig. 339). The increased metabolism 
which occurs is considered to be due to stimulation of the thyroid. 

Acidophil hypopituitarism . — In this condition it has been found 
that there is an undergrowth of the acidophil (acid staining) cells 
of the anterior lobe. The most marked changes are dwarfism, 
failure of skeletal and mental development, and lack of development 
of the genitals and of the secondary sexual characteristics. 

Basophil hypopituitarism . — Here the basophil cells fail to develop, 
most commonly because of tumours pressing on the gland, and 
marked changes are seen in the genital organs (Cushing). * 

Mixed varieties occur in tumours affecting ])oth varieties of cells. 

Brissaud type . — The signs are not unlike those of tumours of 
the adrenal cortex and of the parathyroid, which may also be 
involved. There is a progressive increase of the fat of the upper 
part of the body and an excessive excretion of calcium. The fat 
boy of the Pichwich Papers had probably this disease. In women 
there is amenorrhcca and a tendeiujy towards the male secondary 
sexual characteristics. There is high blood-pressure and the condition 
is commonly fatal in about five years. 

Bystropdiia adiposo ye/iitalis (Frohliclfs Syndrome). This con- 
dition is found when there are lesions in the neiglibourhood of 
the pars tuberalis. It is characterised by the abnormal growth 
of fat of the genital organs, which may become the seat of 
fat deposits associated with failure to develop mentally. Female 
characteristics are predominant even in males. There is an increased 
tolerance to carbohydrates. 
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Lorain iyjie . — In many pituitary lesions there is an upset of 
carbohydrate metabolism due to involvement of the posterior lobe 
(see below). Sometimes all the functions of the pituitary are upset, 
thyroid, gonads and adrenals, by destructive lesions (Simmond’s 
cfxsease). 

Kepeated injections of extracts are stated to bring about 
ulceration of the stomach in the region of the oxyntic cells and 
there is an inhibition of gastric secretion. The ulceration is 
prevented by keeping the gastric contents alkaline (Dodds). 

Relation to Organs of Reproduction. — See Ihtuitary Control 
of Gonads and Mammary Glands. 

Apparently the pituitary body is stimulated during copulation, 
sh^ after removal of the organ the ovulation which follows this act 



Fia. 889.— Acromegaly, succosaive stages. (From Sharpoy Schafer’s Endocrine Organs,) 

in rabbits does not occur. It also plays an important part in the 
control of reproduction. 

This subject is discussed further in relation to the ovaries. 

It is by no means certain that tlie growth and gonad stimulating 
hormones are identical, for it has Itcmi sliown tliat the ^mnad 
stimulating factors are ineffective after removal of th(3 pituitary 
It has been suggested that the growth hormones are precursors 
of the gonadotrophic hormones. 

The PostefTol* Lobe and Pars Intermedia. — These do not appear 
to be so important for life, but they elaborate the substance, pituitrin, 
which causes some very characteristic reactions. Much of the early 
work was carried out with watery extracts, which contain also the 
depressor substances present in most tissues; but by preliminary 
alcoholic extraction these can be removed, and a purer substance is 
thus obtained. The active principles of the. posterior lobe are only 
destroyed slowly by boiling. 

Effect on the Circulation . — The effect of intravenous injection in 
animals is to produce a marked temporary rise of blood-pressure, 
which, however, is much more prolonged than that due to adrenaline 
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and not reversed by ergotoxine. The commercial preparation used 
contains some of tlio depressor substances present in most tissues, 
and when the pressor action has passed olT the depressor effect 
becomes evident. Tliere is marked contraction of all the arterioles 
in the liody with the possible exception of those of the kidney. 
The constriction of the skin vessels is very marked, and often 
the pallor caused thereby creates alarm, although it has not 
necessarily any serious significance. Local ])allor occurs if the 
substance is injected intradermally. In spite of this vasoconstriction 
the blood-pressure of man does not rise appreciably, if at all,-" 
indicating that there is considerable vascular coippensation. The 
slowing of the heart, which takes place, may be part of the 
compensation. Similar compensations are presumably responsible 
for the return of the blood-pressure to normal in animals, since 
further injections do not cause the same rise of pressure for some 
time. At tlie same time, it must be em])hasised that it is not 
known whether this vascular action of pituitary extract is in any 
way related to the normal function of the gland. 

Effect on the Kidney . — The effect of the extract on the secretion of 
urine depends on whether or not the animal is anaesthetised. In man, 
or unanaesthetised animals, there is a reduction in the amount of urine 
and, for this reason, pituitrin may be used to reduce the amount of 
urine in diabetes insijMus, a condition in which large quantities of 
dilute urine are passed and which is sometimes associated with 
lesions in tlie region of the pituitary body. Since it has now been 
shown that pituitary extract increases the amount of chloride in the 
urine (Starling and Verney), it appears probable that the increased 
facility to excrete this salt diminishes the need to excrete large 
quantities of water. In noi'inal man the antidiuretic effect may 
be conveniently observed l)y studying the diuresis produced by the 
ingestion of a (Quantity of fluid without and accompanied by an 
inj(H3tion of the extract. Since, however, removal of the pituitary 
body without injury to the brain does not affect water diuresis 
it is as yet somewhat difficult to decide whether this urinary 
control is a normal function of the gland or not. 

In anaesthetised animals, pituitary extract increases the ffow of 
urine, ajiparently as a result of dilatation of the kidney vessels. This 
fact is not related to the rise of blood-pressure which may be caused ; 
since it may be brought about by later doses, which do not cause 
the rise. 

Effect 071 the Uterus {oxytocic action ). — Of all varieties of plain 
muscle this appears to be the most sensitive and for this reason 
the uterus of the virgin guinea-pig is used for purposes of the 
standardisation of extracts of unknown strength. It is suspended 
in oxygenated Ringer’s solution at 37° from a weighted lever which 

2 E 2 
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records the contractions. The extract is standardised by com- 
paring the contraction produced by an unknown sample with that 
caused by a standard sample; extraordinary dilute solutions of the 
extract cause contraction ; Abel states that 1 part in 250 millions 
is sufficient. “ Oxytocic ” means “ quick delivery/’ and the extract 
is used with due precautions in obstetric practice; but too large 
doses have been known to cause ruj)ture of the uterus. The fact 
that cerebrospinal fluid gives the oxytocic test suggests that the 
pituitary secretion enters that fluid. It has been suggested that 
such pituitary secretion is responsible for the onset of labour, but 
since its injection does not cause labour in an animal not at full 
time it is evident that other factoi'S are concerned. One of these is 
the presence of cestriu, the cestrin producing hormone of tlie ovary. 
If oestrin is ap2)lied to tJio isolated uterus the actioii of pituitary 
extract is enhanced. A product “pitocin” is claimed to be almost 
free from the vasoconstrictor (“ pitressin”) fraction. 

Effect on other Plain Muscle. — Now tliat pituitary extract is 
made quite free from histamine it has become evident tliat it is 
not a generalised plain muscle stimulant as was previously thought. 
It do(^s, however, stimulate the intestine and causes milk to be 
driven out of the lactating mammary gland. Tliis is brought about 
by the vasopressor factor. 

Effect on Pigment Cells of Amphibia. — Unlike adrenaline, pituitary 
extract injected into a frog causes a darkening of the skin from 
dilatation of the melanophores. This result is brought about with 
very small doses — a fraction of a cubic centimetre of a one in a 
million solution — and it may therefore be used as a test. Kemoval 
of the posterior lobe in the frog, on the other hand, causes con- 
striction of the skin melanophores and, consequently, pallor. The 
substance which produces this effect appears to bo concentrated in 
the pars intermedia (Hogbeu and Win ton). 

Effect on Carbohydrate Metabolism. — As we have siicn in relation 
to the anterior lobe, undergrowth of the pituitary body is associated 
with the accumulation of fats and a high sugar tolerance. What 
exact part the pituitary plays in carbohydrate metabolism 
is not clear, but certain experimental facts are outstanding. 
Posterior extract may cause a slight rise of the blood-sugar, and 
has the power of antagonising insulin (Burn). It has also been 
shown by Houssay that if the pituitary is removed at the same 
time as the pancreas, diab(;l.es imjllitus is no long(‘r caus(ul, and the 
animal is abnormally sensitive to insulin. 

Houssay appears, howevtu-, to ndate this to the anterior lobi^ 
which increases the formation <4* glu(;ose from fat or protein. 
Extracts cause a decrease iq the blood fat and in liver fat. 

In addition, it has more recently been found that removal of the 
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pituitary (;auses a inarked decrease in the size of the thyroid .<>’laiid 
and of the adrenal cortex. Such experiuKUits have suggested that it 
is correct to consider that the pituitary really ])roduccs a series of 
liorniones, e.(f. gon;ulotro]»ic, thyrotroj)ic, adrcnotropic, lactogenic, 
diabetogenic,, and so on, but these are not yet suhicieiitly defined. 

The function of the ]>ituitary body may he looked U[)on as that 
of a regulator of some (d* the most im])ortanl; ])roe(?sses in the l)ody. 
The anterior lolie is intimately conne(d,(Hl with growtli, wldle the 
pars intermedia is concerned with metabolism ; the exact function 
of the pars nervosa is as yet umhdmanimMl. Ilotli ])arts of the 
organ a[)|)ear to control the leproductive functions, the anterior ])a,rt 
being concerned with sexual devidopment and tlu' posterior with 
many of the adaptations a,nd mec.lianisms of juegnancy. 


THE THYMUS. 



Tins gland attains its greatest size soon after ])irth, and after the 
second year it giadually diniinislu^s, until in adult life hardly a 
vestige remains; it is then replaced by adipose 
and connective tissue. This, at any rat(L has 
been the general belief until the last few years. 

Some recent observations, however, appear to 
show that the thymus persists longer, and may 
grow until puberty ; and that S(.)me true thymus 
tissue may persist througliout life. The re- 
moval of the thymus is Jiot fatal. 

The gland is surrounded l>y a fibrous 
capsule, which sends in processes, forming 
trabccuhe, that divide the gland into lobes, 
and carry the blood- and lymph-vessels. The 
large trahecuhe branch into small ones, whi(di 
divide the lobes into lobules. The lobules are further subdivided 
into follicles by lino connective tissue. A follicle is polyhedral in 
shape, and consists of cortical and medullary portions, both of which 
are compose<l of adenoid or lymphoid tissue, Init in the medullary 
portion the matrix is coarser, and is not so filled up with lymphoid 
corpuscles as in tlie cortex. Scattered in tlie lymphoid tissue of the 
medulla are the ronccMrw rorpKsrJes of ITa^mll (fig. 340), whi(di are 
nests or islands of ejuthelial cadis cut off from the e])ith(diuni of (.he 
pharyjix in process of development. 

It has generally hcxm assumed that the lynq)lioid tissue of whicli 
it is composed fnrms ccdourless corpuscles; Stohr’s contention that 
it is not true lym])hoid tissue has not me,t with ac(*.e}itance. 

It has been stated tliat in hibernating animals, in which it 
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undoubtedly persists throughout life, as each hibernating period 
approaches the gland enlarges, and its cells become laden with fat. 
In this case, the store of fat will help to maintain combustion 
processes during the winter sleep. 

Lately it has been suggested that there is some relationship 
between the thymus and the generative organs; and this view is 
supported by the circumstance that castration retards the atrophy 
of the thymus, whilst removal of the thymus hastens the growtli 
of the testes. 

The evidence that the thymus has any internal secretion is thus 
very slender. It should perhaps be better classed with the lymphoid 
organs we have already studied. 

The Pineal Gland. 

This gland, which is a small reddish body, is placed beneath the corpus callosum, 
and rests upon the corpora quadrigemina. It is composed of tubes and saccules 
lined and sometimes filled with epithelial cells, and containing deposits of earthy 
salts (brain sand). A few small atrophied nerve-cells without axons are also seen. 

In certain lizards, such as Hatteria, and in certain fishes such as the lamprey, 
the pineal outgrowth is better developed and may be paired. One division corre- 
sponds to the pineal gland ; the other becomes developed into an eye-like structure 
connected by nerve-fibres to the habenular ganglion ; this third eye is situated 
centrally on the upper surface of the head but is covered by skin. 

The chief claim the pineal gland has to be considered an endocrine organ is that 
it has possibly some obscure relationship to the development of tlie sexual organs. 

The Coccygeal and Carotid Glands. 

These are situated, the one in front of the tip of the coccyx and the other at 
the point of bifurcation of the common carotid artery. They are made up of a 
plexus of small arteries, and are enclosed and supported by fibrous tissue. They 
contain also polyhedral cells collected into spheroidal clumps (carotid gland) or 
irregular nodules (coccygeal gland). Some or the cells of the carotid gland stain 
brown with chromic acid like tho.se of the suprarenal medulla. There is now 
evidence that it is sensitive to the gaseous content of the blood (see Respiration). 

General , — From what has lieen said it is evident that tlie 
endocrine organs form important chemical substances for the control 
of the body, but it must be understood tliat they themselves are 
controlled by the nervous system. The advantage of chemical over 
nervous control of organs is that it can be more generalised and 
more prolonged. As yet, however, we know very little of the way 
in which the secretions of the ductless glands are brought into 
relationship with the requirements of the animal. 
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CHAPTEK LXI 


THE GENERAL TOST-NATAL LIFE-IIISTORY OF MAN 

The new-born child, which, in the uterus, obtains its nutriment 
and oxygen from its mother’s blood, ceases to do so when the 
umbilical cord is cut. The want of oxygen is met by the child 
beginning to breathe, and its nutriment is supplied by its mother’s 
milk, which later on is supplemented and replaced by other articles 
of diet. Immediately after birth certain changes occur in the 
circulatory system ; the foramen ovale (the opening between the.^ 
two auricles) the ductus arteriosus and the ductus venosus close. 
The now functionless umbilical vessels are reduced to mere fibrous 
cords. These changes are completed in a few days, and the 
circulation becomes like that of the adult. 

In addition there are changes of a more general kind, the most 
obvious of which is growth which is accompani(3d by the completion in 
the formation of certain organs and tissues wliich are in a comparatively 
immature condition when the child is born. Thus medullation of 
the fibres in the central nervous system takes place, and the 
process of ossification continues until the bony skeleton is perfected. 

The rate of growth after birth is not so rapid as it is in 
utero and every year the relative increase in size gets less and 
less. On the average, girls in the earlier years grow more than boys, 
but at the onset of puberty this relationship is usually reversed. 
At puberty there is generally an acceleration of the rate of growth 
in both sexes, but this gradually declines, and finally growth ceases. 

Fuberty is the period at which the sexual organs become 
mature and functional. In girls this occurs on the average at 
about fourteen or fifteen years of age, and is marked by the onset of 
menstruation. Menstruation, or the monthly flow, continues until 
the age of forty-five to fifty, when it ceases either gradually or 
suddenly. After this period (tlie menopause or climacteric) further 
production of offspring is not possible. The menopause may be 
accompanied by great depression and other disturbances of a physical 
and mental nature. 

In males, puberty occurs a little later than in females, but there 
are no changes corresponding to the menopause. 
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In both sexes the onset of puberty is aecoinpanied by the 
appearance of the secondary sexual characters, such as the develop- 
ment of the maniimc in the female, while in the male the growth 
of hair on the face and the increase in si/e of the larynx leading to 
the deepening of the pitch of the voice. 

The Male Reproductive Organs. 

These consist of the two testes which produce spermatozoa, and 
the ducts which lead from them. 

The testis is enclosed in a serous membrane called the tunica 



I' KJ. y4tj . — nan of a vertical 
suction of tlui te.sticle, 
allowing the arrangement 
of the ducts. The true 
lengtli and diameter of the 
ducts liave been ilisre- 
garded. a a, Tubuli semi- 
nifori coiled up in the 
separate lobes ; b, tubuli 
recti; c, rete testis ; a, vasa 
etl’erentia ending in the coni 
vasculosi; I, e, g, convo- 
luted canal of tlio epidi- 
dymis ; h, vas deferens ; 
f, body of Highmore; i i, 
librous processes running 
between the lobes. 



Fio. 3-13.— Section of the epidiilymis of 
a dog. — The tuVio is cut in several 
places, both transversely and ob- 
liquely ; a i.s seen to be lined by a 
ciliated epithelium, the nuclei of 
which are well sliown. c, Connec- 
tive tissue. (Scholield.) 


vaginalis, originally a part of the peritoneum, which descends into 
the scrotum before the testis and subsequently gets entirely cut off 
from the remainder of the peritoneum. There are, however, many 
animals in which the testes remain permanently in the abdomen. 
The external covering of the testicle itself is a strong fibrous capsule, 
called, on account of its white appearance, the tunica albuginea. 
Passing from its inner surface are a number of septa or trabeculsG, 
which divide the organ imperfectly into lobules. On the posterior 
aspect of the organ the capsule is greatly thickened, and forms a mass 
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of librous tissue (jailed the covpus Iliyhnorianum (body of High- 
more) or mediastinum testis. Attached to this is a much convoluted 
tube, which forms a mass called the epididymis. This receives the 
ducts of the testis, and continues into a thi(jk-wallcd tube, tlie vas 
deferens, by which tlie semen ])ass(‘.s to the urethra. 

Each lobule of the testicle contains several convoluted tubes. 



Fia. 844.— Section througli portion of two semini- 
ferous tubules of tlio testis, showing also inter- 
stitial tissue rt. Basement membrane; h, 
spermatogonium; c, spet matocyte ; <?, sperma- 
tozoa in cavity of tubule; e, interstitial tissue 
with blood-vessels (Marshall ) 



hlu. —Erectile tissue of the human penis 
«, Fibrous trabecul.f with their ordinary 
capillaries; h, section of the venous 
sinuses; c, muscular tissue (Cadiat.) 


These tubes comiiKmce m^ar the tunica albuginea, and terminate 
after joining with others in a straiylit tuhuh, which passes into the 
body of Highmore, where it ends in a network of tubes, the rete 
testis. From the rete about fifteen efferent ducts (vasa efferentia) 
arise, which become convoluted to form the coni vasetdosi, and then 
pass into the tube of the epididymis. 

The convoluted or seminiferous tubi^s have the following structure : 
each consists of (1) an outer wall of flattened connective-tissue cells 
intermingled with elastic fibres ; (2) a fine membrana propria ; (3) a 
lining epithelium of several layers of germinal cells. Next to the 
membrana propria is a layer consisting of spermatogonia and 
supporting or nurse cells {Cells of Sertoli) which provide nutriment 
for the developing spermatozoa. More internally, between the 
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projecting processes of the nurse celJs, are large ary s^eriiiatocytes, 
derived from the division of the spermatogonia. Still nearer the 
lumen of the tube lie the Sfjcondciry sj)6rmatocytcs, which are the 
daughter-cells of the primary spermatocytes ; the secondary sperma- 
tocytes give rise by division to the speri/iatlds which lie next the 
lumen. The spermatids become embedded in the inner ends of the 
nurse cells, where they grow and become converted into spermatozoa. 

The interstitial connective tissue of the testis is loose, and 
contains numerous lymphatic clefts. Lying in it, accompanying 
the blood-vessels, are strands of epithelial cells, of a yellowish 
colour {interstitial cells). 

The straight t iihules consist of basement - membrane and lining 
cubical epithelium only. The tubules of the rete testis are lined 
by cubical epithelium; but have no basement -membrane. The 
vasa efferentia and epididyviis arc lined by columnar cells, some of 
which are ciliated, while others are devoid of cilia, and probably 
possess secretory functions. There is a good deal of muscular tissue 
in their walls. The vas or ductus deferens consists of a muscular 
wall (outer layer longitudinal, middle circular, inner longitudinal), 
lined by a mucous membrane, the inner surface of which is covered 
by columnar cpitlielium. 

The vcsiculce seminales are outgrowths of the vasa deferentia. 
Each is a much convoluted, branched, and sacculated tul)e of 
structure similar to that of the vas deferens, except that the wall 
is thinner; their secretion is added to the semen, along with the 
secretion of the glands of the prostate. 

The penis is composed of cavernous tissue covered by skin. 
The cavernous tissue is collected into three tracts, the two corpora 
cavernosa and the corpus spongiosum in the middle line inferiorl}\ 
All these arc enclosed in a capsule of fibrous and plain muscular 
tissue; the septa which are continued in from this capsule, forjii 
the boundaries of the cavernous venous spaces of tJa^ tissue. The 
arteries run in the septa; the capillaries open into the venous spaces. 
The arteries are often called helicme, as in injected specimens they 
form twisted loops projecting into the cavernous spaces (see also 
“ Circulation ”). 

The Spermatozoa — The semen is a richly albuminous fluid in 
which are suspended the spermatozoa. Each spermatozoon consists 
of a head, a middle-piece and a tail. The head is oval and flattened 
It is composed of a nucleus, in which the chromosomes are so 
compressed together as to be indistinguishable, and an acrosome. 
The acrosome forms a cap over the anterior end of the nucleus. The 
sperm effects entrance into the ovum at fertilisation by means of 
this acrosome, which probably liberates substances which assist in 
perforating the zona-pellucida of the egg. The middle-piece is 
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composed of a neck, containing one or two centrioles, and the middle- 
piece proper. The axial filament of the tail originates in the 
centrioles contained in the neck immediately behind the nucleus. 
Tt traverses tlie middle-])iece and the whole length of tlie tail. A 


A 1 wB 



Kid. — S<3nii-(iiaKraniiii;itic Topresentatioii of 
iiumaii sjMii mato/oa A, front view; Ji, side 
view 1 Acrosome, surroiiiiiliiij; liead; 2, 
iH'Ck ; 3, iniddle-])iecfl ; 4, tail; 5, eiid-piece 
Tlie axial lilaineiit run.-? through the body 
and tail into the oiid-piece 



Ki(. ;?I7 - - Diagiain of 
jiart of a huniau i^p<>i. 
iiiato/ooii liij.']ily Ttiag. 
lulled (aft(*r Meves) 
1, Aeiuaoiiie , 2, liead, 
3, .uitetior ceiitriole 
in ueek ; 4, posterior 

ceiilnoln m neck; 5. 
axial lilaineut , G, spiral 
.sheath; 7, sheath of 
axial lilaiiient in imddle- 
jiieee; 8, mitochondrial 
sheatli ; U, annulus, 10, 
thick sheath of axial ftlu 
moiit in tail 


delicate cytoplasmic slieath surrounds the axial filament throughout 
the greater part of the lengtli of the tail, but this is absent at the 
extreme posterior end, wliich is known as the end-piece. 

If kept under suitable conditions spermatozoa will live for 
thirty days, ddiey are easily killed by dilute acid. 


The Female Eeproductive Organs. 

These consist of the two ovaries which produce ova, and the 
uterus with the Fallopian tubes anti vagina which are continuous 
with it. 
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The Ovary is composed of fibrous tissue (stroma) containing, 
near its attachment to the broad ligament, a number of plain 



Fio. 348,— Diagrammatic view of the uteras and its appendages, as seen from behind. Tlie uterus and 
upper part of the vagina have been laid open by removing tlie posterior wall ; the Fallopian tube, 
round ligament, and ovarian ligament have been cut short, and the broad ligament removed on the 
left side ; %, tlie upper part of the uterus ; c, the cervix opposite the os internum ; the triangular 
shape of the uterine cavity is shown, and the dilatation of the cervical cavity with the rugie 
termed arbor vitie ; v, upper part of the vagina ; od, Fallopian tube or oviduct ; the narrow 
communication of its cavity with that of the cornu of the uterus on each side is seen; I, round 
ligament; lo, ligament of the ovary; o, ovary; i, wide outer part of the right Fallopian tube; 
/I, its tlmbriatod extremity ; po, parovarium ; h, one of the hydatids frequently found connected 
with the broad ligament. J. (Allen Thomson.) 



Fia. 349.— Section of the ovary of a cat. A, germinal epithelium; B, iminaturo Graafian follicle; C, 
stroma of ovary; D, zona pellucida surrounding tlie prim.iry oiicyte; F, Graafian follicle showing 
lining cells; F, follicle from which the odeyte has fallen out. (V. D. Hams.) 


muscle - fibres. It is covered by a layer of cubical cells, called 
the germinal epithelium, which, in young animals, is seen (lipping 
down, here and there, into the stroma. The stroma generally 
contains a number of interstitial cells. 
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Sections of the ovary show that the stroma is crowded with a 
number of rounded cells, the oocytesy which are contained in numerous 
vesicles of different sizes called Graafian follicles. The smallest 
follicles are near the surface, the largest are deeply placed, but as 
they expand they again approach the surface, and ultimately rupture 
upon it. 

The smallest follicles consist of a single layer of epithelium 



Pio. 860.— Corpus luteum. of mouse, showing its formation completed. The central cavity is occupied 
by jelly-like connective tissue; the converging trabecuhe anastomose with one another so as 
somewhat to break up the columnar arrangement of the luteal cells. (Bobotta.) (From Schafer's 
Text-hook of Microscopic Anatomy.) 

surrounding the oocyte, and an outer layer of fibrous connective 
tissue derived from the stroma. In larger follicles the epithelium is 
many-layered and is known as the membrana granulosa. The 
outer layer is also differentiated into an inner vascular layer, the 
theca interna, and an outer fibrous layer, the theca externa. 
During the later growth of the follicle a cavity, the antrum, appears 
in the membrana granulosa and enlarges until it occupies the major 
part of the follicle. The cells of the membrana granulosa line this 
cavity and form a discus proligerus around the oocyte wliich projects 
into it. The antrum is filled with fluid, the liquor folliculi. The 
Graafian follicle finally ruptures and liberates the discus proligerus 
with the contained oocyte, which then enters the Fallopian tube. 
In woman this process of ovulation probably occurs about every 
four weeks. 
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After ovulation a glandular structure, the corpus luteum, 
develops in the cavity of the ruptured follicle. The corpus luteum 
is formed by the ingrowth of the cells of the membrana granulosa 
and theca interna into the antrum. These cells hypertrophy and 
glol)ules of yellow pigment and lipides make their appearance in 
them. Strands of cells and blood-vessels grow in from the theca 
interna and divide the lateral cells into columns. The centre 
of the corpus luteum is often occupied by a clot formed from blood, 
liberated when the follicle is ruptured, and from the remains of 
the liquor folliculi which did not escape. The corpus luteum 

Nucleus or germinal vesicle. 

Nucloolu.s or germinal 

... Space left nirtra^ion y1 

-L Protoplasm containing yoll< 
spherules. / * 

-- Zona pollucida. , ^ * 

Fio. 851.- -A Imrnan ovum. (Cacliat.) 



begins to degenerate after a short time and always before the 
next ovulation, if pregnancy does not supervene. It persists when 
fertilisation is effected, and only atrophies sliortly before the 
child is born. The following table gives the chief facts in the life- 
history of the two types of the ordinary human corpus luteum : — 


Ordinary- 
Corpus Luteum. 


Corpus Luteum of 
Pregnancy. 


At the end of 
three weeks. 
One month . 


Tim months . 


Six months . 


Nine months . 


Three-quarters of an inch i; 
convoluted wall pale. 

Smaller; convoluted wall , 
bright yellow; clot still 
reddish. 

Reduced to the condition 
of an insignificant cica- 
trix. 

Absent. 


1 diameter ; central clot reddish ; 

Larger; convoluted wall bright 
yellow; clot still reddish. 

Seven-eighths of an inch in dia- 
meter; convoluted wall bright 
yellow ; clot decolorised. 

Still as large as at end of second 
month ; clot fibrinous ; convo- 
luted wall paler. 

One half an inch in diameter ; 
central clot converted into a 
radiating cicatrix ; the external 
wall tolerably thick and con- 
voluted, but without any bright 
yellow colour. 


The ovarian ovum or primary oocyte (fig. 351) is a large spheroidal 
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Fio. 3f)2.— Diagram showing mode of developniont of primary odrytos from primitive germ cells in 
mammalian ovary. 1, (iorminal eintlielmin ; 2, primitive germ colls; 8, oogoma ; 4, primary 
oocytes. Ill A, two priimtivo germ colls are .seen unbedded in the germinal epithelium In B, a 
primitive germ cell has de.scemJed into the stionia of tlio ovary accompanied by cells proliferated 
Irom the germinal epithelium which will become the cells of the inembrana graniilosa. In C, the 
oogoma derived from pnmitive germ cells, and primary oocytes produced by division of the 
oogonia, are scon. (After Buhler.) 



Fio. 853 —Transverse section through normal uterus of rat. (Marshall and Jolly.) 
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cell surrounded by a transparent striated membrane called the zona 
pellucida, or zona striata. The protoplasm is filled with large 
fatty and albuminous granules {yolk spherules), except in the part 
around the nucleus, which is comparatively free from them. It con- 
tains a nucleus, and usually one v(uy well-marked nucleolus. The 
nucleus and nucleolus are still often called by their old names, 
fjerminal vesicle and germinal spot respectively. An attraction 
sphere, not shown in the figure, is also present, and a fine membrane, 
the vitelline membrane, immediately invests the protoplasm within 
the zona pellucida. 

The Fallopian Tubes or tulxe uterina) which lead to the uterus 
have externally a serous coat from the peritoneum, then a muscular 
coat (longitudinal fibres outside, circular inside), and most internally 
a vascular mucous memlmane thrown into longitudinal folds, and 
covered with ciliated epithelium. 

The Uterus (for transverse section, see fig. 353) consists of 
three similar layers. The musculai' coat is, however, very thick, and 
is made up of two strata imperfectly separated by connective tissue 
and blood-vessels. Of these the thinner outer layer is the true 
muscular coat, the fibres of which are arranged partly longitudinally, 
partly circularly. The inner layer is very thick. Its fibres run 
chiefly in a circular direction ; the extremities of the uterine glands 
extend into its internal surface. It is in fact a much hypertrophied 
muscularis mucosse. The mucous membrane is thick and consists of 
a cerium of soft connective tissue, lined with ciliated epithelium : 
this is continued down into long tubular glands which have, as a 
rule, a convoluted course. In the cervix the glands are racemose. 
N’ear the os uteri the epithelium becomes stratified; stratified 
epithelium also lines the vagina. 


The Formation of the Gametes. 

The production of ova by tlie ovary is known as oof/eursis. The formation 
of spermatozoa by tlie testis is known as spennatoifmesis. The prodigality of 
nature in providing for the continuance of the species is well illustrated by the 
fact that at birth the human ovary contains about 70,000 immature oocytes. 
Only a minority of these attain maturity, and get situated in Graafian follicles : 
many follicles, moreover, never burst, but atrophy. On the average, one follicle 
ripens every four weeks, so that in the period between the onset of puberty and 
the menopause (fifteen to forty- five years of age) there is a possibility in the 
thirty intervening years of the production of about 400 ripe ova. Of thes<‘ again a 
very small minority become fertilised. Still more is the lavishness of the provision 
illustrated in spermatogenesis ; it has been calculated that in the semen ejaculated 
at an act of coitus there are more than two hundred million spermatozoa, and 
only one of these is needed for the fertilisation of an ovum. 

Spermatogenesis. — The germ cells divide into spermatogonia which undergo 
several divisions, two of which are shown in the diagram (fig. 354). Each 
spermatogonium grows and becomes a primary spermatocyte ; it divides into 
two secondary spermatocytes, and ultimately into two spermatids which develop 



CH. LXI.] 


THE FORMATION OF THE GAMETES 


891 


into spermatozoa. In the division of the primary into the secondary spermatocytes, 
the mitosis is heterotypical and the number of chromosomes is reduced to half 
the normal somatic number. This phenomenon is paralleled in the history of the 
oocyte, and it will be convenient to postpone the histological details until we come 
to the oocyte. 

The result is that the secondary spermatocyte and its descendants, the 
spermatids and spermatozoa, have only half the number of chromosomes 
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Spermatozoa 




Fio. 354. — Diagram to illustrate spermatogeneaia. 


characteristic of the species. The maturing of the spermatozoa takes place 
within the seminiferous tubes. 

Oogenesis takes place on the same general lines as spermatogenesis, but 
with important dilTerenccs in detail. In the first place, the changes in the 
ovary are correlated with certain changes in the uterus which result in menstru- 
ation. A second important difference is that maturation of the ovum occurs 
after the oocyte has left the ovary and is on its journey along the Fallopian 
tube to the uterus. A third difference is that the ovum is considerably larger 
than the spermatozoon. 

The ova arise from oogonia which are present in the ovary probably only 
during embryonic life. T'he oogonia are capable of multiplication by division. 
Finally each oogonium divides into two primary oocytes which then undergo 
a reduction division, the first maturation division, which results in tlie production 
of the first polar body. The reduction division is characterised by a clumping 
together of the chromosomes at one stage, known as synapsis, and by the 
subsequent reappearance and pairing of the individual chromosomes. These 
preliminary changes are completed in the oocytes of the human ovary shortly 
after birth. The subsequent stages of the division do not take place until the 
oocyte is about to be ejected from the ripe follicle at ovulation. 
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At maturation a spindle is formed and one chromosome of each pair goes to 
each pole. The spindle is eccentric in position and projects, in a small pro- 
tuberance of protoplasm, from the surface of the oocyte. The division causes 
the separation of the little protuberance, the first polar body, from the oocyte. 
This reduction division results in half the chromosomes being extruded with the 
first polar body and half being retiiined in the oocyte, which is now known as a 
secondary oocyte. The process of reduction in the female is very similar to that 
in the male, where it results in the formation of two secondary spermatocytes from 
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Fio. 356.— Diagram to illustrate oogenesis. 
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a primary spermatocyte. In both sexes the number of chromosomes in the 
daughter-cells is half that of the parent-cells. After the secondary oocyte is 
ovulated, another division occurs, resulting in the production of a second polar 
body. This division does not reduce the number of chromosomes, as each is split 
in two in the normal manner. Simultaneously, the first polar body divides into 
two. The resulting three polar bodies remain in the zona pellucida, of the now 
mature ovum, and degenerate (fig. 356). 

The meaning of the polar bodies has been the subject of much speculation ; it 
is supposed that the female cell casts out certain constituents in order to make 
room lor the addition to it of material from another individual, namely, the male. 
Some animals multiply without the intervention of the male sex, or the intervention 
occurs at lon^ intervals with many intermediate generations ; this is known as 
’parthenogenesis. One must therefore suppose that the female cell has within it a 
male component which can be transmitted to future generations. 

The ov] 4 pa after it is liberated from the ovary by the rupture of a Graafian 
follicle, enters the Fallopian tube, the cilia of which are the main instruments for 
the transportation, and finally reaches the uterus. During this journey, which 
probably occupies some days, it becomes mature, it is fertilised, and some of 
the early steps in further development may also occur. 
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Fio. 350 - Diagram showing tiie formation of the polar bodies (maturation of the ovum). A, B, and C 
show stages in the formation of the first polar body by heterotypical mitosis. A is a primary oocyte 
at the commencement of mitosis, when only half the usual number of chromosomes appear. 
Thus if eight is the normal number, they unite into four pairs of double chromosomes. B shows 
a later stage in mitosis and the formation of the first polar bud. C is a secondary oocyte ; it has 
no distinct nucleus, because no resting-stage occurs; after the separation of the first polar body, 
the chromosomes which remain m the secondary oocyte at once rearrange themselves on a new 
spindle. D is the mature ovum, with the female proimclous and the two polar bodies. 1, First 
polar bud ; 2, first polar body ; 8, second polar body ; 4, chromosomes on spindle of primary 
oocyte; 6, zona striata; 6, vitelline membrane; 7, daughter chromosomes m first polar bud; 8, 
female pronucleus. The chromosomes shown m B, 0, and D both in the ovum and the polar bodies 
are all single chromasornes. 



Fio. 857.— Diagram showing the stages m the maturation of the ovum. 1, Primary odcyte ; 2, 
secondary oocyte; 2a, first polar body; 8, mature ovum; 8o, second polar body; 2al, and 2a2, 
daughter-cells of the first polar body. 
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The Sex Chromosome. — In the majority of animals a sex or X chromosome 
is present in duplicate (homozygous) in the female, but is single or accompanied 
only by a small Y chromosome (heterozygous) in the male. In consequence, the 
reduction division will result in half the spermatozoa containing a Y chromosome 
each, while the other half and all the ova will each contain an X chromosome. 
Those ova which are fertilised with a sperm containing a Y chromosome will 
develop into males, while those which are fertilised with sperms bearing X chromo- 
somes will develop into females. In birds and moths, the reverse mechanism 
is present, the females being heterozygous and the males homozygous. These 
facts in conjunction witli other evidence suggest that sex is definitely determined 
at fertilisation, but later work has, however, shown that in some cases the 
influence of the sex chromosomes may be overridden by grafts and the sex 
reversed even in adult life. 

At this stage both male and female elements are ripe and ready for union, 
which is dis<‘ussed later. The ovary and testis have also other functions than the 
formation of ova and spermatozoa. 


Internal Secretions of Ovary and Testis. 

The operation of castration, that is, the removal of the essential 
generative organs, naturally leads to a loss of reproductive power, 
but it has other effects of a more general kind on the organism. 
Those mainly influence what are known as the secondary sexual 
characters and have been shown to be due to the lack of certain 
internal secretions formed by testis and ovary respectively. 

Testis. 

Some years ago Brown-S4quard, then an old man of seventy-two, 
stated that the subcutaneous injection of testicular extracts into 
himself produced marked rejuvenating effects. The supposed tonic 
effects of such injections is now regarded with great suspicion, and 
temporary benefit, if it occurs, is mainly attributable to suggestion. 

The principal evidence that the testis forms an internal secretion, 
is derived from the study of effects of castration, or cases in which 
the testes have atrophied or become diseased. If the operation of 
castration is performed before puberty, the reproductive apparatus 
which is left (vesiculm seminales and prostate, but not the penis) 
atrophy; the secondary sexual characters (growth of hair on the 
face, deepening of the voice, etc.) do not develop ; the body 
remains sexually infantile, but never assumes female characters. 
The body, however, grows, and in some cases there is overgrowth 
of the skeletal and adipose tissues. Advantage is taken of this 
fact: e.g. the castration of cocks to provide table birds (capons). 
In eunuchs the legs often grow unusually long. 

In animals there is corroborative evidence of the same nature. 
Thus in the cock castration^rrests the development of the comb and 
spurs ; in the stag antlers ; growth is arrested in horned cattle^where 
both sexes have horns, their growth is not inhibited by castration, 
though their shape may be affected. In Herdwick sheep, where 
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the males are horned and the females hornless, the presence of the 
testes is essential, not merely for the initiation but also for the 
continuance of horn growth. Castration stops horn growth at every 
stage of development. (Marshall.) 

Ligature of the ductus deferens leads to atrophy of the semi- 
niferous tubules, whilst the interstitial cells are not affected, or 
hypertrophy (Steinach), and the secondary sexual characters develop 
as usual. It is because of this that most investigators agree that 
the interstitial cells of the testis are the source of the internal 
secretion. These cells have all the appearances of secreting cells 
and their full d^elopment coincides with the first appearance of 
spermatogenesis. Transplantation of a testis to an abnormal position 
in the body cavity of a castrated animal is followed by development 
of the secondary sexual characters It is evident, therefore, that the 
internal secretion acts chemically on the parts concerned and not 
through the intermediation of the nervous system. 

, The active principle of the testis, now (jailed testosterone, has been 
obtained in crystalline forms as an oxy ketone having the empirical 
formula and its strength has been standardised according 

to its power (d‘ jjromoting comb growth in castrated fowls. 

A similar substance may also be extracted from male urine. 
If a young aniinal is castrated the injection of testosterone leads 
to tlie appearance and sometimes exaggeration of the secondary 
sexual characteristics (Zuckermann and l*ark(;s). 

It is possible to extract from the ovary comb-growth promoting 
substances and (Xjstrogenic substances from the testis, l)ut the 
significance of these observations is not clear. ])y grafting ovaries 
into castrated males such as drakes and guinea-pigs it is possible to 
alter their secondary sexual characteristics into those of the female 
who is then treated as such by males. 

( 'linically, testosterone has been found of great value in promoting 
the descent of undescended testis. 

The Prostate. —The function of Cowper’s glands and the glands of the prostate 
is probably to add to the semen, and to cleanse the urethra from urine prior to 
ejaculation ; the first fluid to come out certainly contains no spermatozoa. 

Ovary. 

Extirpation of the ovaries in the human female prevents the 
onset of puberty and the occurrence of menstruation, but little 
other changes. After puberty ovariotomy (jauses a cessation of 
menstruation and typical atrophic changes in the uterus with slight 
atrophy of the breasts and external genital organs. Sometimes there 
are metabolic changes as at the menopause. 

it has long been known that the occurrence of the periodic 
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changes in the reproductive organs of female animals is dependent 
on the presenc(5 of tlui ovaries and of recent years our knowledge 
of the subject has been much clarified by the work of Marshall and 
Hammond. iVIost female animals will only receive the male during 
a definite period in the reproductive cyele known as cestrous or 
“ l^at.” In the rat and mouse this occurs over four or five days 
and can be detected by smears taken from the vagina. During 
jieriods of rest (dioestrus) only leucocytes are found but during 
oestrus large numbers of non-staining squamous cells (cornified cells) 
make their appearance. 

Extracts of the ovary have been prepared which when injected 
into ovariectomised animals produce all the changes of “ heat.” Tiie 
hormone responsible was originally known as oestrin (Parkes and 
P>ellerby.) 

That the substance is not produced by the (IraOian follicles is 
shown by the fact that after all the follicles in the ovaries have been 
destroyed by X-rays, mice have a regular cycle (Parkes). It seems 
probable tlien that the hormone is produced by the interstitial cells. 

Since the first demonstration of the activity of ovarian extracts 
by Allen and Doisy there has been much study of the active 
substance wliich has been obtained in the crystalline state and 
is known as ce^hytdioL It is standardised by injection into 
ovariectomised rats. The main obstacle to the correct interpretation of 
the mechanism involved in the control of the reproductive cycle is tliat 
oestrogenic substances can be extracted from many other tissues and 
body fluids. E or instance, the richest source of material is provided by 
the urine of the stallion. Highly active material can also bo prepared 
from the urine of pregnant women {oestrone and oidrio!) and from the 
placenta. Further, the physiological action of these substances is 
not specific. The ocstrogens can act on the male {i.e. comb-growth) 
while the active material from the testis can act on the female. 

('hemically, the oestrogens are related to the sterols but the 
substances found in the urine are weaker than those found in the 
ovary and testis. (8es also Cholesterol.) 

CH, CH,, 

/\'/\ /\/\ 

^ J, _J ^ I 

/■%/\/ /\/\/ 

HO (Estradiol HO (listrone 

By grafting testis into ovariectomised females such as ducks and 
guinea-pigs, it has been found possible to cause them to develop the 
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secondary sexual characteristics of the male. The injection of 
testosterone into the female monkey inhibits maturation of the 
follicles and luteinisation and suppresses the menses (Zuckormann). 
A conversion (known as virilism) sometimes occurs in women from 
overgrowth of the adrenal cortex. 

The Corpus Luteum. — Special interest attaches to the function 
of the corpus luteum. We have already seen tliat this structure 
increases in size if pregjiancy ensues. It has been generally assumed 
that the corpus luteum forms a hormone, and there is direct evidence 
that the development of this structure is correlated with hypertrophic 
changes in the uterus and mammary glands. 

Thus in the ratbit and ferret, in which ovulation only occurs as a 
consequence of coitus, the growth of the corpora lutea is associated 
with uterine and mammary growth, although the animals are pre- 
vented from becoming pregnant by the employment of sterilised males 
(Ancel and Bouin). In such cases the uterine raucous membrane 
undergoes vascular and glandular changes similar to those occurring 
in pregnancy, and at the same tone the mammary glands develop to 
an extent sutlicieiit to admit of the secretion of milk. This condition 
is called “pseudo-pregnancy.” It occurs also in the dog, the ferret 
and in the marsupial, Dasyiirus. In all these animals the corpus 
luteum of pseudo-pregnancy persists for nearly as long as that of 
pregnancy. On the other hand, in man, and in some other mammals, 
where the periods recur frequently, the corpus luteum persists only 
for a short time if pregnancy docs not supervene after ovulation. 

Moreover, the fact that ovariotomy performed during the first 
part of pregnancy brings that process to an end is further evidence 
that the corpus luteum is partly responsible for the raised nutrition 
of the uterus at this period, and consequently for the fixation and 
retention of the young. 

The part played by the corpus luteum in relation to menstruation 
is discusseil later. 

The corpus luteum is intimately associated with lactation, 
although the mechanism of this relationship is not clear. In 
some animals the corpus luteum persists during lactation, as in 
pregnancy. It is also responsible for the postponement of oestrus 
in the lac ta ting animal. In man, however, the corpus luteum 
regresses before lactation is over and its function appears to be 
taken over by other organs. Lactation, moreover, is not entirely 
dependent on the presence of the corpus luteum for its maintenance, 
as is shown by the normal activity of the mammary glands after 
double ovariotomy performed during lactation. It is probable, 
however, that the corpus luteum is essential for the preparatory 
hypertrophy of the mammae and for the initiation of lactation. 

It is certain that the connection between the generative organs 

2 F 
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and mammary glands is not nervous, since the glands can grow and 
secrete milk under conditions which preclude the possibility of such 
a connection, as when the mammary tissue is transplanted to an 
abnormal position. 

The/active substance of the corpus luteum has been isolated and 
is called progesterone. Like the oestrogens it is related chemically 
to th(^ sterols and has an empirical formula of CLjUsoOg. If injected 
into rabbits it will produce the typical proliferative changes which 
occur in the uterus during pseudo-pregnancy. This forms the basis 
of/i(-s standardisation. 

1 ? The Function of CBstrin. — A study of the injection of oestrin 
into different animals indicates that it has a definite function in 
relation to pregnancy. QCstrus re])r 0 sents j)robably the ])reparation 
of the uterus for the reception of a fertilised ovum, but the final 
adaptation is brought about by the corpus luteum acting upon 
an oestrin-sensitised uterus. Experimentally, Nicol has shown that 
changes, especially tlie deposition of fat, take place in that part 
of the uterus to which the fertilised ovum is usually attached. 

(Estrin also increases the movements of the uterus, and this, 
together with its apparently increased production towards the 
end of ])regnancy in many animals lias suggested tliat it may play a 
part in deterniiniiig the onset of labour. It has been found possible 
to cause the expulsion of live fmtus from an oestrin-sensitised 
uterus with oxytocin from the pituitary. This has not, however, 
been found jiossilile in human subjects, Imt the sensitising effect 
is easily shown experimentally on animals. 

Menstruation. — In the human subject menstruation occurs on 
an average every four weeks. The flow lasts for three to five days, 
and the amount of blood lost may be as much as 300 c.c. After the 
cessation of the flow the mucous membrane repairs itself. This takes 
about a fortnight and then, after a brief period, the preparations for 
the next period begin again. Menstruation is absent during pregnancy, 
and, as a rule, also during the subsequent period of lactation. It 
occurs in the higher primates only. 

The exact relation of menstruation to oestrus is a matter of 
some debate. In the lower animals ovulation accompanies oestrus 
but in woman it occurs midway between two menstrual periods. 
There is, however, evidence that ovulation may occur at other 
times as a response to the sexual act. That menstruation corre- 
sponds to the congestive pro-oestrous stage is suggested by the 
fact that in the monkey the injection of oestrin will cause 
menstruation ; on the other hand, at puberty in the monkey ovulation 
definitely precedes menstruation. Since the regression of the 
corpus luteum corresponds in time to menstruation the latter 
may be looked upon as the result of this regression, the corpus 
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luteum having been responsible for preparing the uterus for a 
fertilised ovum which did not appear. The unwanted endometrium 
is thrown off. This view conveniently explains the absence of 
' menstruation in pregnancy and is most probable. A difficulty 
of this view is that oestrin will produce menstruation and that 
a non-ovulating monkey without a corpus luteum continues to 
menstruate from a resting endometrium. The factor causing the 
breakdown cannot be the regression of the corpus luteum, and 
evidence suggests that the pituitary body is concerned, for it has 
been found that in ovariectomised monkeys oestrin will not cause 
menstruation. There is probably a cyclic mechanism causing 
menstruation, possibly central, or possibly in the interstitial cells 
just as there is in those producing ova. 


The Pituitary Control of the Gonads. 

From what has been said in relation to diseases of the pituitary 
body it is evident that there is an intimate relationship between 
this body and the gonads. The subject was placed on an experi- 
mental basis when Evans and Long observed that the injection 
of anterior extract caused an enormous increase in the number 
of the corpora liitca, thus showing increased ovulation. Later 
Smith and En^o also Zondek and Aschheim independently showed 
that the administration of anterior lobe tissue into immature rats 
resulted in precocious oestrus, marked ovarian follicular develop- 
ment and super-ovulation, while Corner and others demonstrated 
that pituitary administration produced mammary activity in 
rabbits. 

It has now been possible to extract from the pituitary body 
two distinct substances, one follicle-stimulating and the other 
luteinising. The former is found in the water-soluble fraction of 
pyridine extracts and in acid extracts, the latter in the insoluble 
fraction and in alkaline extracts. The follicle-stimulating hormone 
causes rapid growth of the Graafian follicles and many ova 
are produced and discharged. It acts also on immature ovaries. 
The luteinising hormone will act on mature ovaries but not on 
immature ovaries unless they have received follicular stimulation. 
It hastens the formation of the corpora lutea from unripe 
follicles. 

The urine of pregnant women if injected into mice or rabbits 
produces a luteinising effect and this is the basis of the Aschheim- 
Zondek test for pregnancy. There is, however, evidence that the 
immediate source of the hormone may extend beyond the pituitary, 
but the evidence is as yet incomplete. 
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In practice the blood spots due to Incniorrhage into the ovarian 
stroma which; takes place at the same time as maturation of the 
follicle aiul luteinisation is taken as evidence of reaction. Kabhits 
may also be used or Xenopus, the South African clawed - toad 
(Bellerb}'). In the liorse the gonadotrophic hormones are present 
in the ])ituitary body hut they are absent from the human, 
])resumal)ly because they are so freely secreted. 

The anterior lobe of the pituitary also produces a sulistaiice 
froladin, which is partly responsible for lactation and mammary 
development. 

It now appears probable that the pituitary activity is closely 
rcdated to and may be responsible for sexual desire. It has been 
shown that if the anterior lobe of the pituitary is removed coitus 
does not produce ovulation or the other changes which occur in the 
rabbit. It is also known that complete removal of the uterus and 
ovaries does not obliterate sexual desire. 

The pituitary also controls the activity of the testis. The 
injection of anterior lobe extracts hastens sexual maturity while 
removal of the pituitary leads to complete loss of sexual activity. 
These changes are also seen in disease of the pituitary. 


Fertilisation. 

We are now in a position to resume the thread of tlie history of 
the further development of a new individual. The next step is the 
union of the male and female gametes, that is to say, of the 
spermatozoon and the mature ovum. 

The act of coitus or copulation is associated in both sexes with 
much psychical excitement, and with the phenomenon of erection. 
The spermatozoa are thus deposited at the entrance of the 
uterus, and by means of the flagellar movement of their tails they 
make their way against the stream of ciliary movement into the 
Fallopian tubes, where they are found in a living condition for 
many days. It is here that they meet the mature ovum ; but 
fertilisation or impregnation only requires the entrance of one 
spermatozoon into the ovum. The spermatozoon pierces the zona 
pellucida, and tlie head, neck, and possibly part of the body, enter 
the substance of the ovum, where they undergo transformation, and 
are converted into a male pronucleus which fuses with the female 
pronucleus to complete the process of fertilisation. 

Loeb suggested that the action of the spermatozoon is essentially 
chemical, because in certain animals (for instance sea-urchins) he 
was able to produce artificial parthenogenesis by purely chemical 
methods. When the ova of the sea-urchin are placed in dilute 
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acetic or formic acid, a membrane is formed upon the surface 
of the egg-celJ as it is in normal fertilisation; if the ova are then 
transferred to concentrated sea water for a short time and then 
placed in ordinary sea water, they segment and produee normal 
larvae. He considered that the spermatozoon brings with it enzymes 
or other chemical substances which excite the ovum in the same way 
as the chemical reagents mentioned. Such artificial fertilisation has 
now been carried out in frogs’ eggs. 

The changes by which the fertilised ovum is transformed into 
the young animal may take place either inside or outside the 
body of the parent. If they take place inside the parent, as in 
mammals, including the human subject, the ovum is small, and 
the nutriment necessary for its growth and development is derived 
from the surrounding tissues and fluids of the mother. If the 
development takes place outside the parent’s body, as in birds, 
the egg is larger; it contains a large amount of nutritive material 
called the yolk, and it may, in addition, be surrounded by sheaths 
of nutritive substance. Thus, in the hen’s egg, the yellow part 
alone is comparable with the mammalian ovum, and the larger part 
of that is merely nutritive substance. Upon the yolk is a whitish 
speck, the cicatricula, which is a small mass of protoplasm, about 
J of an inch in diameter. In the cicatricula lies the nucleus or 
germinal vesicle, and it is this small mass of protoplasmic substance 
which divides and grows to produce the chick; the yolk and the 
surrounding white are used as food. 

Ova such as the hen’s, in which only a small part, the cicatricula, 
divides and grows, arc called meroblastic. Small ova, with little food 
yolk, such as the human ovum, divide completely during development, 
but numerous gradations occur between the two extreme types. 

The further development of the individual systems of organs by 
which the embryonic rudiments are converted into the more fully 
developed condition in which they are found at birth is a subject 
fully treated in works on anatomy, embryology, and obstetrics, 
and need not be dealt with in this volume. The nutrition of 
the embryo and the circulation of its blood arc, however, matters 
of primary importance, so that it is necessary to refer to the 
origin of the foetal membranes, as it is by their means that 
nutrition is carried on. 

The Decidua and the Fcetal Membranes. 

When the uterus is ready for the reception of an embryo it is lined 
by a greatly hypertrophied mucous membrane. This is called the 
decidua, because, after tlie delivery of the child, a portion of it comes 
away from the uterus with the other membranes. 
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The ovum has been fertilised in the Fallopian tube, and the 



embryo, by the time it reaches 
the uterine cavity, has usually 
reached the stage of a morula or 
blastula. It rapidly eats its way 
into the substance of the decidua 
which closes over it, obliterating 
the opening through which it 
passed, and thus the embryo 
becomes embedded in the mem- 
brane, which thereupon becomes 
separable into three parts. 1. 
The part between the embryo and 
the muscular wall of the uterus, 
the decidua basalis or serotma, 
2. The part between the embryo 


Fio :ir)8 — nia(?ram representing tbe relation of 
the developing embryo to the decidua at a very 
early stage i, Uterine muscle; 2, epihlast 
of embryo; 8, inner cell mass of embryo; 
4, decidua basalis; 6, decidua capsularis ; 
6, decidua vera; 7, cavity of uterus. 


and the uterine cavity, the decidua 
capsularis or rejlexa. 3. The re- 
maining part is called the decidua 
vera. Between the decidua capsu- 
laris and the decidua basalis lies 


the embryo, which speedily becomes differentiated into the foetus 
and its membranes. The outermost of the foetal membranes is the 
chorion ; this is covered Allantois. ^ 

with vascular villi, which /8/% ' 

dip into the decidua capsu- 
laris and basalis. Inside t 
the chorion is the amnion, a 
closed sac, which surrounds ! 

the embryo and is attached ^ ^ mf A® 

to its ventral wall at the X ffi/ 

umbilicus. The amnion is 4 

filled with fluid, the amni- JJn 

*'^c fluid in which the foetus 
floats, and it forms a sheath 
for thfe umbilical cord by !• 
which after a certain time, n 

the foetus is attached to the Iml mf 

inner surface of the chorion, ^ ^ 


or outer embryonic mem- 
brane. The umbilical cord 
contains not only the blood- 
vessels which pass between 


Fig. 869.— Diagram representing a later stage of develop- 
ment than that shown in lig. 858. 1, Uterine muscle; 
2, villi of chorion of embryo ; 8, coelom ; 4, decidua 
basalis; 6, decidua capsularis; 6, decidua vera; 7, 
cavity of uterus ; 8, bodystalk; 9, amniotic cavity ; 10, 
primitive intestine; 11, yolk-sac. 


a specialised portion of the chorion which forms the foetal part 
of the placenta, and the foetus, but also the remains of the 
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yolk-sac, and the duct by which it is connected with the intestine 
of the foetus. 

As the embryo grows the decidua capsularis is expanded over 
its surface, and as the growth continues the uterine cavity is 
gradually obliterated and the decidua capsularis is forced into 
contact with the decidua vera, with which it fuses. 



Fio. S60.— Diagrammatic view of a vertical transverse section of the uterus at the seventh or eighth 
week of pregnancy, c, c, &, Cavity of uterus, which becomes tlie cavity of the decidua, opening at 
c, c, the cornua, into the Fallopian tubes, and at c' into the cavity of the cervix, wliich is closed by 
a plug of mucus; dv, decidua vera; dr, decidua roHexa, with the sparser villi embedded in its 
substence ; ds, decidua basalis or sorotina, involving the more developed chorionic viUi of the 
commencing placenta. The fuitus is seen lying in the ainniotic sac ; passing up from the umbilicus 
is seen the umbilical cord and its vessels passing to their distribution m the villi of the chorion; 
also the pedicle of the yolk-sac, which lies in the cavity between the amnion and chorion. (Allen 
Thomson.) 


As the decidua is merely thickened mucous membrane, it naturally 
contains glands which become enlarged as the decidua thickens. It 
was believed, at one time, that the villi of the chorion entered the 
glands, but this is now known to be incorrect. The villi enter the 
inter-glandular substance, and, in the human subject, the glands of 
the decidua capsularis eventually disappear entirely. In the decidua 
basalis and the decidua vera the superficial portions of the glands 
also disappear ; their deep portions remain in an almost unchanged 
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condition, and furnish the epithelium for the regeneration of the 
glands and the lining of the uterine cavity after parturition. The 
intermediate parts, of the glands in the decidua vera and the 
decidua basalis become very much enlarged, and form a stratum 
of the decidua called the spongy layer, and ultimately this layer 
is converted into a series of clefts, and it is along the line of 
these clefts that the decidua is separated at birth. 

In some mammals in which the connection between the chorion 
and the decidua is less intimate than in the human subject, the 
glands persist to a greater or less extent, and secrete a fluid called 
uterine milk, which is absorbed by the chorion. 

The portion of the decidua which undergoes the greatest change is 
the decidua basalis. In it a number of large blood spaces is formed, 

and these are separated 
into masses or cotyledons 
by fibrous strands. The 
cotyledons are penetrated 
by chorionic villi, and it 
is this conjunction of 
chorionic villi and decidua 
basalis which produces the 
placenta. The blood-vessels 
of the chorionic villi are 
usually formed by the 
mesodermic covering of 
the allantois, another foetal 
outgrowth. Its origin from 
the hind-gut is shown in 
fig. 359. 

The placenta is the 

organ of foetal nutrition 
and excretion, and at full 
term it is seven or eight 
inches across and weighs 
nearly a pound. Its blood 
sinuses are filled with maternal blood, which is carried to them by 
the uterine arteries and away from them by the uterine veins. Into 
these blood-filled spaces the vascular foetal villi project. The foetal 
blood is carried to the placenta by the umbilical arteries, which are 
the terminal branches of the aorta of the foetus : these pass to the 
placenta by the umbilical cord, and the blood is returned, through 
the cord, by the umbilical vein. 

The placenta shows three markedly different stages of develop- 
ment, each predominating in different types of mammals but all 
showing in some degree in man. (Marshall.) 



Fio. 361. — Diagram representing a later stage of develop- 
ment of membranes, ami placenta than that shown m 
hg 859. 1, uterine muscle; 2. placenta; 8, yolk-sac; 
4, fused decidua vera and capsulans ; 6, primitive blood- 
vessel of embryo ; 6, amniotic cavity (outer surface of 
amnion is fused with inner surface of chorion); 7, um- 
bilical cord ; 8, foetal villus m placenta. 
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1. The Ungulate T^i/pc have the uterine glands of the decidual 
portion of the placenta and secrete profuse quantities of fluid (the 
uterine milk of Harvey) which is absoi'bed by the villi of the 
trophoblast. 

2. The Carnivorous Type. — Here the uterine secretion is relatively 
little and transient, but the decidua undergoes marked degenerative 
changes accompanied by autolysis. The resultant autolysate, known 
as embryotrophe, appears to be absorbed by the cells of the villi. 

3. The Primate Type. — In this case the degenerative changes are 
very pronounced and the foetal blood is separated from the maternal 
by only the capillary epithelium and traces of the cytotrophoblast. 
Nutrition is by diffusion direct from the ^.tal to tlie maternal 
blood. At full term the placenta is a partiaTfy degeiierated an^ a 
necrotic organ. 

The functions of the placenta are : — 

(a) Nutritive. — As outlined above. 

(b) PJxeretory. — Waste products of foetal metabolism pass into 
the maternal blood (as well as appearing in the allantoic and 
amniotic fluids). 

(c) Storage. — At a period about half-way to two- thirds through 
pregnancy the placenta attains its maximum development. It then 
contains (mainly in the decidual portion) fat, glycogen and iron. 
At this stage the foetal liver is relatively small and contains little 
glycogen and fat. With the later development of the liver, this 
“ liepatic function ” of the placenta becomes reduced. 

(d) Bespiration. — Oxygen and carbon dioxide traverse the 
placenta by diffusion dependent on pressure difference on the 
two sides of the membrane. Viruses but not certain colloids, 
e.g. pyrrol-blue, also traverse it. 

The amniotic fluid consists of water containing small quantities 
of protein, urea, and salts. It is an exudation from the foetal and 
the maternal blood, and the urea in it comes from the foetal urine 
which is poured into the amniotic cavity in the later part of 
pregnancy. Its function is mainly mechanical; it supports the 
embryo on all sides, and protects it from blows, other injuries to 
the abdomen of the mother, and from sudden irregular contractions 
of the abdominal walls. 

If a pregnant animal is injected with pyrrol-blue (which is 
normally taken up by the reticulo-endothelial system) the appearance 
and behaviour of the placenta are most striking ; the blue colour 
disappears from the skin and is concentrated in the uterus, and 
in time the latter, forming a centre of attraction for the dye, 
ultimately dispossesses all the remaining tissues of their blue. In 
the uterus it is in the free cells of the decidua basalis that the stain 
is mainly found. In quite early stages the stained cells penetrate 
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into the primitive placenta and cast off their stained granules, 
which are snatched up by foetal cells in the way nutritive material 
is. But wlien once the placenta has attained maturity, the dye 
is found only in the foetal cells which form the layer which separates 
the maternal and foetal tissues. The foetus itself remains perfectly 
colourless, the stain not being able to penetrate this protective 
barrier. Further research has shown another important point, 
for the same cells which vigorously absorb the stain store also 
glycogen, fat, and haemoglobin temporarily before these substances 
pass into the foetal circulation. The avidity of such cells for the 
dye is thus connected with their functional activity in relation to 
really nutritive material; the importance of vital staining in 
embryological research is therefore apparent. 

The Fcetal Circulation. 

We shall not enter into the complex manner in which the heart 
and blood-vessels of the foetus develop from the embryonic rudiments ; 
but when these arc fully formed the circulation of the blood is fouml 
to differ considerably from that which occurs after birth. It will 
be convenient to begin its description by tracing the course of the 
blood, which, after being carried to the placenta by the two umbilical 
arteries, has returned, oxygenated and replenished, to the foetus by 
the umbilical vein. 

It is at first conveyed to the under surface of the liver, and there 
the stream is divided — a part of the blood passing straight on to the 
inferior vena cava, through a venous canal called the ductus venosuSy 
while tlie remainder passes into the portal vein, and reaches the 
inferior vena cava after circulating through the liver. Whether, 
however, by the direct route through the ductus venosus or by the 
roundabout way through the liver — all the blood which is returned 
from the placenta by the umbilical vein reaches the inferior vena cava 
at last, and is carried by it (together with the blood from the lower 
part of the body and lower limbs) to the right auricle of the heart, 
into which cavity is also pouring the blood that has circulated in the 
head and neck and arms, and has been brought to the auricle by the 
superior vena cava. It might be naturally expected that the two 
streams of blood would be mingled in the right auricle, but such is not 
the case, or only to a slight extent. The blood from the superior vena 
cava — the less oxygenated fluid of the two — passes almost exclusively 
into the right ventricle, through the auriculo-ventricular opening, just 
as it does in the adult ; while the blood of the inferior vena cava is 
directed by the fold of the lining membrane of the heart, called the 
Eustachian valm^ through the foramen ovale into the left auricle, 
whence it passes into the left ventricle, out of this into the aorta. 
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and thence to all the body, but chiefly the head and neck. The 
blood of the superior vena cava, which, as before said, passes into the 
right ventricle, is sent out from there in small amount through the 
pulmonary artery to the lungs, and thence to the left auricle, by the 
pulmonary veins, as in the adult. The greater part, however, does 



Fio. S 62 .— Diagram of the fuetal circulation. 


not go to the lungs, but instead passes through a canal, the ductus 
arteriosus, leading from the pulmonary artery into the aorta just below 
the origin of the three great vessels which supply the upper parts of 
the body; and there meeting that part of the blood of the inferior 
vena cava, which has not gone into these large vessels, it is distributed 
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with it to the trunk and other parts — a portion passing out by way 
of the two umbilical arteries to the placenta. From the placenta it 
is returned by the umbilical vein to the under surface of the liver, from 
which the circulation started. 


The Respiration and Nourishment of the Foetus. 

The subject of the respiration of the foetus has been studied 
especially by Barcroft and Huggett and the following points 
appear clear : — 

1 . The transference of gases to and from the foetus is by diffusion. 

2. The dissociation curve of the foetus is vshifted to the left and 
upwards, whereas that of the pregnant animal is shifted to the right 
and downwards compared with the non-pregnant animal. The latter 
shift is due to decreased pH while the former is due to a different 
type of hfcmoglobin as is indicated by the different shape of the 
dissociation curve. Tliese changes in the foetal and maternal blood 
result in a higher saturation of foetal hiemoglobin at relatively low 
oxygen pressures than would otherwise occur. 

It is evident that the foetus receives all its nourishment 
from the mother through the placenta. It is presumed that the 
substances necessary, glucose, amino-acids, salts, and the like, pass 
through the walls of the blood-vessels of the villi by a process of 
diffusion. 

It has been found that the blood of the foetus differs somewhat 
from that of the mother, especially in regard to the variety of 
ha3moglobin it possesses. The foetal ha3moglobin is capable of 
becoming saturated at the lower partial })ressure than tfujit.- of 
the mother. This obviously facilitates the loading of oxygen which 
is made particularly readily available by the fact that the blood 
loses alkalinity during the second half of pregnancy. Thus the 
pressure head of oxygen in the placenta is increased, the decreased 
alkalinity having a similar effect to the addition of carbon dioxide. 


Parturition. 

During pregnancy the uterus and its contents increase in size, 
and we have already alluded to the changes in its mucous membrane 
or decidua, and the formation of the placenta ; the principal factor 
in the distension of the uterus is the accumulation of the amniotic 
fluid. The muscular wall of the uterus also hypertrophies ; this is 
in part due to the formation of new muscle-fibres, and in part to the 
increase in size of the pre-existing muscle-fibres. The muscular 
wall is one of immense strength. 
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The foetus “ comes to term ” in the human subject on the 
tenth menstrual epoch after conception; this averages 280 days 
after the last menstruation. Delivery is the result of uterine 
contractions or “labour pains”; the liquor amnii is thus forced 
downward and presses the membrane formed by the fused amnion 
and chorion through the cervix of the uterus which is gradually 
distended. When the distension is sufficient the membrane ruptures, 
and the amniotic fluid escapes. The orifice is then fully distended, and 
the foetal head enters the pelvis; the pains become more frequent 
and energetic, and the voluntary muscles of the abdomen are brought 
into play, so that ultimately the new-born child is expelled to the 
exterior. The process usually lasts some hours, but the time is much 
prolonged (ten, twenty, or even more hours) in the birth of a first 
child. The child is still connected with the placenta by the umbilical 
cord, which is about 20 inches long, and this connection should not 
be severed for a few minutes in order that as much blood as possible 
may be aspirated from the foetal part of the placenta into the child 
as breathing commences. 

After the child is expelled, the contractions of the uterine walls 
recommence after a lapse of twenty to thirty minutes, and the 
placenta is separated and forced out. The separation extends 
through the decidua along the line of the stratum spongiosum, and 
the fused chorion, amnion and decidua turned inside out, follow the 
placenta to which they are attached, constituting, with the placenta, 
the after- birth. 

After the umbilical cord is tied and separated, the umbilical 
arteries inside the child become filled with blood-clot, and are 
ultimately converted into fibrous cords, the so-called obliterated 
hypogastric arteries, at the same time the allantois is also con- 
verted into a filjrons strand, the urachus, which extends from the 
apex of the bladder to the umbilicus. 

The hasmorrhage from the uterus which accompanies and follows 
the after-birth may be profuse at first, hut under normal conditions 
is soon checked by the firm contraction of the uterine walls. 

Although it has been shown that delivery may occur when all nerves 
connecting the utenis with the central nervous system are cut through, the 
contractions of the organ are normally influenced reflexly through the nervous 
system. Stimulation of various sensory nerves will produce contractions of the 
pregnant uterus, and premature delivery may occur as the result of mental and 
physical disturbances. 

The determining factor which produces the labour pains at a particular date 
has been much discussed; some think it is maternal in origin, such as a degenera- 
tive condition set up in the placenta or decidua, whereas others consider that 
the initial impulse comes from the foetus, which secretes certain products that 
stimulate uterine contraction. 

After delivery, the uterus undergoes reduction in size at a fairly 
rapid rate. This has been attributed to fatty degeneration but 
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for this there is little evidence. The theory at present most in 
vogue to explain “involution of the uterus” is that the process is 
one of autolysis clue to the action of intracellular digestive enzymes. 
While it is occurring, the urine of the mother contains creatine, a 
substance which is normally absent from that excretion. It has been 
supposed that this substance originates from the rapid destruction 
of the uterine muscle. It has, however, been shown that creatine 
occurs after delivery even if the uterus is amputated, so that the 
creatine of the uterine muscle cannot then be the source of the 
urinary creatine ; there is evidence that the creatine is associated in 
some way with the metabolism of the mammary gland. 

The atrophy or involution of the uterus which occurs at the 
menopause appears also to be produced in the same way, and it has 
been suggested with some reason, that the symptoms exhibited at 
that period of life may be in part explained as due to the absorption 
of the products of the autolysis of the uterine tissue. 

Heredity and Eeproduction. 

The mechanism by which the character of the parents are 
transmitted to their ohspring is a subject on which much difference 
of opinion prevails, but it is now accepted that the chromosomes 
of the nucleus of the male and female reproductive elements is 
concerned in the transmission. This is shown by several facts. 
The chromosomes are constant in number not only in the colls 
of the body but in all individuals of any particular species of 
animal or plant, though differing in number in different species. 
The division of each chromosome, which occurs during mitosis, 
maintains this numerical constancy throughout the life-history of 
each individual, except during formation of the reproductive cells 
{gametes). During one step in the karyokinetic cell-division, half 
of the normal number of chromosomes are thrown out, and during 
the fusion of the male and female gametes in fertilisation; each 
parental nucleus provides half the normal number of chromosomes, 
and thus the fertilised egg-cell starts with a full complement once 
more. The chromosomes are regarded as the actual bearers of the 
characters which an organism inherits from its parents. Weismann’s 
view that characters acquired after birth are not transmissible rests 
on negative evidence. 

The original Darwinian doctrine has now been modified, but 
of all the complementary theories that of Mendel is perhaps of 
the greatest interest. It may be best illustrated by examples. If 
two kinds of plant, such as dwarf and tall peas, are crossed, the 
resultant seeds all produce tall plants; but if the plants of this 
generation are crossed, the third generation contains 25 per cent. 
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dwarf and 75 per cent, of tall plants. If the dwarfs are crossed, 
they breed true, that is, they produce dwarf plants only ; but if the 
tall plants are inter-crossed, again one-quarter of the next generation 
are dwarfs and the remainder tall. Of the 75 per cent, tall plants, 
25 breed true, and the remaining 50 produce one-quarter dwarfs 
which breed true, and the remaining three-quarters are tall plants. 
In successive generations the same principle holds: the dwarfs, 
when self-crossed, always produce dwarfs, and tall plants always 
produce a progeny in which 25 per cent, are dwarfs which breed 
true, and the tall remainder breed a mixture in the same proportions 
as before. 

This behaviour is exjilained on the assumption that the gametes 
of the lirst generation of crosses are of two kinds : one carrying the 
character of tallness and the other carrying the character of dwarf- 
ness. The character of tallness is said to be dominant and that of 
dwarfness recessive, because when a gamete of the first variety 
unites with a gamete of the second variety the resulting cross is 
tall. The same result follows when two gametes carrying the 
character of tallness unite, but the resulting product of two gametes 
each carrying the dwarf character is a dwarf plant. The resulting 
proportions are the effect of the chance unions of the gametes 
carrying two different characters and which are produced in 
approximately equal proportions. 

Another example will be sulficient to illustrate the Mendelian 
conception of gametic differentiation. Breeders of blue Andalusian 
fowls have always recognised the practical impossibility of obtaining 
a pure strain. However carefully the birds are selected they 
invariably produce some birds which are pure black, and some 
whicli are white with irregular black marks or splashes. Bateson 
and Punnett found that, on breeding from a large number of blue 
Andalusian fowls, half the offspring were blue like the parents, 
while a quarter were black, and a quarter were “ splashed-white.” 
They consequently drew the conclusion that the mechanism of 
inheritance in the Andalusian fowl is the same as Mendel supposed 
to exist in his hybrid peas. The gametes of the breed, according to 
this hypothesis, instead of being all similar and carrying the blue 
character, are of two different kinds, those of the one kind being 
bearers of the black character, and those of the other being bearers 
of the splashed-white character. Such gametes, uniting Ijy chance 
when the fowls mate together, give rise to three kinds of offspring, 
one black-white (becoming blue, actually, like the parents), one 
black-black, and one white-white, these appearing (on an average) 
in the proportion of 2:1:1 according to the law of probability. 
The segregation of gametes carrying tlifferent characters is the 
essential principle in Mendel’s theory, but the existence of dominant 
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and recessive characters, though often observable, being hy no means 
universal. Thus in the case of the Andalusian fowl neither the 
black character nor the “ splashed- white” is completely dominant 
or recessive. 

In a simple unicellular organism such as the amoeba, there is not 
only no differentiation of sex, but there is also no differentiation 
between the reproductive element (Weismann’s germ-plasm) and 
the remainder of the body (Weismann's somatoplasm). When the 
amoeba propagates itself by dividing into two, the whole animal 
is concerned in the act of reproiluction. The new amoeba also 
divides in this way, so that the germ-plasm may he regarded as 
immortal. 
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CHAPTEE LXII 


THE GROWTH AND REPAIR OF THE BODY 

The growth of the body is dependent on the growth of the individual 
cells of which it is composed and in which the power of growth 
appears to be inherent. This power of the individual cells to grow, 
which is particularly well seen in embryonic tissues, can bo shown 
by keeping the cells under suitable conditions. Idie medium 
commonly employed is sterilised Einger’s solution or blood-plasma 
-f embryo extract. By this means of tissue culture the cells 
of various organs may be kept alive for an indefinite number of 
years. The cells, however, grow into a mass, and are liable to die 
after a few days. In order to continue the growth of the cells it is 
necessary to transplant small pieces of the culture to a new medium 
from time to time. 

Local Growth . — formally in the body, the cells not only grow 
but appear to be influenced by the cells in their vicinity. The exact 
mechanism which prevents the different varieties of cells from 
invading each other is not known, and this is a fundamental difficulty 
in the understanding of cancer, the great characteristic of which is 
such invasion. 

The phenomenon of general body growth is exhibited in all 
young mammals for a limited period which, in man, lasts until the 
twentieth or twenty-fiftli year. At the end of this period the bones 
reach their normal maximum size, and the individual may lie 
considered to have reached adult life. Thereafter, however, the 
power of growth is not lost, but continues to be exhibited by 
tissues especially if they are injured or if there is an increased 
demand for their activity. Thus, for example, a broken bone will 
repair itself, disease in one kidney will result in an enlargement of 
the other, or the muscles may still grow in accordance with require- 
ments. Normally, it apj)ears that every tissue of the body is 
constantly being renewed. We are all familiar with the continuous 
growth of the hair and the nails. 

The continuance of the power of repair is of the utmost imj)ortance 
to the individual, since its cessation marks the onset of senility and 
lessened power to resist disease or recover from injury. 

The growth of the body as a whole is determined largely by 
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heredity, but it is now realised that various factors play a considerable 
part. Of these the most important is the diet. 

Diet in Relation to Growth . — In order that an animal should grow 
it is essential that it should be supplied with adequate food, not 
only to supply its immediate needs in regard to tissue repair and 
energy exchanges, calories, but in addition that it should have 
sufficient to j^rovide for the building up of new tissue. Thus a 
growing boy may require as much food as a man. In relation to 
Protein Metabolism we have already seen that certain amino-acids 
are more essential than others in the synthesis of tissues. It 
has been shown, for example, that a diet lacking in lysin and 
tryptophan, although it will maintain life, is insufficient for growth. 
In addition, certain vital elements, which we designate vitamins, 
and which can only be obtained from natural foodstuffs, must be 
su])plied if body growth and its maintenance are to be normal. 
Specially concerned in growth are vitamins A, D and P, while salts, 
such as those of iron, calcium, iodine, are essential. 

Certain ductless glands also play an important part in growth. 
The thyroid, we have seen, is specially concerned in the metabolic 
rate and metamorphosis of cells. The anterior lobe of the pituitary 
is also intimately concerned with growth, especially that of the 
skeleton, and if over-active may lead to gigantism. 

The Skeleton. 

This is the framework on which the soft parts are built. It 
consists of the bones and cartilages which are bound together by 
ligaments of librous tissues. 

Cartilage. 

Serving a similar supporting function in the body as bone, 
cartilage is popularly known as gristle. 

In some regions, as at the ends of hones, the cartilage is hyaline 
and has a simple structure (fig. 363). ISTo blood-vessels penetrate 
the matrix, through which lymph simply soaks to reach the cartilage 
cells. This relatively poor nutrition furnishes a possible reason why 
hyaline cartilage in many situations (costal, laryngeal, tracheal) shows 
a tendency to become calcified late in life. 

On boiling, the ground-substance of cartilage yields a material 
called chondrin. This resembles gelatin very closely, and the 
differences in its reactions are due to the fact that chondrin 
is really a mixture .of gelatin with varying amounts of mucoid 
substances. 

Cartilage of this kind forms the rib cartilages and prefigures 
most bones in development. 
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In some regions where toughness is required, as in the semilunar 
cartilages of the knee-joint or the intervertebral discs, the cartilage 
cells lie in a dense fibrous matrix. This variety is known as white 
flbro-cartilage. 

In others where flexibility is desirable, elastic fibres are scattered 
between the cells. Such yellow or elastic fibro-cartilage is found 
in the pinna of the external ear and the epiglottis. 



Fig. 368.— Section of articular cartilage, a, Group of two colls ; b, group of four cells ; d, protoplasm 
of coll with e, fatty granules; c, nucleus. (After Schafer.) 


Development of Cartilage. — Like other connective tissues, car- 
tilage originates from mesoderm ; the cells are unbranched, and the 
disposition of the cells in fully formed cartilage in groups of two, 
four, etc., is duo to the fact that each group has originated from the 
division of a single cell, first into two, eacli of these again into two, 
and so on. This process of cell division is accompanied by the usual 
karyokinetic changes. 

Each cell deposits on its exterior a sheath or capsule ; on division 
each of the daughter-cells deposits a new capsule within this, and 
the process may be repeated. 


Bone. 

Bone is composed of organic and inorganic constituents whicli 
are so intimately blended and incorporated the one with the other, 
that it is only by severe measures, as for instance by a white heat in 
one case and by the action of concentrated acids in the other, that 
they can be separated. Their close union, too, is further shown by 
the fact that when by acids the inorganic matter is dissolved out, or 
on the other hand when the organic part is burnt out, the shape of the 
bone is alike preserved. 

The proportion of organic matter is greater in the bones of 
infants than in those of adults. 

To the naked eye there appear two kinds of structure in different 
bones, and in different parts of the same bone, namely, the dense or 
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compacty and the spongy or cancellous tissue. Thus, in making a 
longitudinal section of a long bone, as the humerus or femur, the 
articular extremities are found capped on their surface by a thin 
shell of compact bone, while their interior is made up of the spongy 
or cancellous tissue. The shaft, on the other hand, is formed almost 
entirely of a thick layer of the compact bone, and this surrounds a 
central canal, the medullary cavity — so called from its containing the 
medulla or marrow. 

In the flat bones, as the parietal bone or the scapula, the can- 
cellous structure (diploe) lies between two layers of the compact 
tissue, and in the short and irregular bones, as those of the wrist 
and foot, the cancellous tissue fills the interior, while a thin shell 
of compact bone forms the outside. 

Marrow. — There are two distinct varieties of marrow — the red 
and the yellow. 

Red marrow is the connective tissue which occupies the spaces in 
the cancellous tissue ; it is highly vascular, and thus maintains the 
nutrition of the spongy bone, the interstices of which it fills. It 
contains a few fat-cells and a large number of marrow-cells. The 
marrow-cells are amoeboid, and resemble largo leucocytes ; the 
granules of some of these cells stain readily with acid and neutral 
dyes, but a considerable number have coarse granules which stain 
readily with basic dyes such as methylene blue. Among the cells 
are some smaller nucleated cells of the same tint as coloured blood- 
corpuscles. These are termed erythroUasts. From them the coloured 
corpuscles of the blood are developed. There are also a few large 
cells with many nuclei, termed giant-cells or myeloplaxes. 

Yelloiv marrow fills the medullary cavity of long bones, and con- 
sists chiefly of fat-cells with numerous blood-vessels; many of its 
cells also are the colourless marrow-cells just mentioned. 

Periosteum. — The surfaces of bones, except the part covered 
with articular cartilage, are clothed by a tough, fibrous membrane, 
the periosteum. 


Histology of Bone. 

Examined with a rather high power, bone substance is found to 
contain a multitude of small irregular spaces, approximately fusi- 
form in shape, called lacunae, with very minute canals or canaliculi 
leading from them, and anastomosing with similar little prolonga- 
tions from other lacunge (fig. 364). In life the lacunse and canaliculi 
are occupied by bone-cells which are essentially connective-tissue 
cells ; these form the organic matrix of the bone in which calcium 
becomes deposited. The nutrient lymph passes from place to place 
by way of the canaliculi. In very thin layers of bone, as in cancellous 
bone, only lacunae may be visible ; but on making a transverse section 
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of the compact tissue as of a long bone, e.g. the humerus or ulna, the 
arrangement shown in fig. 364 can be seen. 

The bone is mapped out into small circular districts, at or about 
the centre of each of which is a hole, around which is an appearance 
as of concentric layers ; the Imyiincc and canaliculi follow the same 
concentric plan of distribution around the small hole in the centre, 
with which indeed they communicate. 

On making a longitudinal section, the central holes are found to 
be simply the cut extremities of small canals which run lengthwise 
throng] i tlie bone, anastomosing with each other by lateral branches 
(fig. 364) ; these Haversian canals are occupied by blood-vessels and 
nerves. 



Fio. 364.— Transvorso section of compact bony tissue (of humerus). Three of the Haversian canals are 
seen, with tlieir concentric rings ; also the lacunic, with th(' canaliculi extending from them across 
the direction of the lamelhe. The Haversian apertures were filled with air and debris in grinding 
down the section, and therefore appear black in the figure, which represents the object as viewed 
with transmitted light. The Haversian systems are so closely packed in this section, that scarcely 
any interstitial laraellse are visible, x 150. (Sharpey.) 


Lamellae and Fibres of Compact Bone. — In the shaft of a long 
bone three distinct sets of lamelhe can bo clearly recognised. 

1. Circumferential lamelhe; these are concentrically arranged 
just beneath the periosteum, and round the medullary cavity. 

2. Haversiaii lamella3; these are concentrically arranged round 
the Haversian canals to the number of six to eighteen round each. 

3. Interstitial lamQWdd \ these connect the systems of Haversian 
lamellae, filling the spaces between them ; they consequently attain 
their greatest development where the Haversian systems are few, and 
vice versa. 
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The lamella3 are permeated by very delicate fibrils running in 
bundles through the calcified matrix. All the fibres in a lamella 
are parallel, but in adjacent lamelloD the fibres usually run in 
different directions. They correspond to the white fibres of connective 
tissue and form the source of the gelatin obtained by boiling bone. 

The outer layer of a bone is pierced by relatively thick tapering 
fibres called the perforating fibres of Sharpey, resembling in character 
the ordinary white or more rarely the clastic fibres. These per- 
forating fibres are really ingrowing processes of the periosteum 
(fig. 367) 





Fia. 8G5. — Longitudinal soction from the human hio. 366.— Bone-corpuscles with their processes 
ulna, showing Haversian canals, lacuna;, and as soon in a thin section of human bone, 

canaliculi. (llollett.) (Itollett.) 


Nourishment of Bone. 

From the blood-vessels of the periosteum branches enter the 
little foramina on the surface of the bone, and find their way to 
the Haversian canals, described above. The long bones are supplied 
also by one or more nutrient arteries which, entering the sliaft so as 
to reach the medullary cavity, break up into branches for the supply 
of the marrow, from which again small vessels are distributed to 
Haversian canals from the interior of the bone. Other small blood- 
vessels pierce the articular extremities for the supply of the 
cancellous tissue. The bone-cells in the lacunse are nourished by 
lymph which gains access to them by the canaliculi. 
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Development of Bone. 

From the point of view of their development, bones may be 
subdivided into two classes : — 

(a) Those which are ossified directly in the embryonic connective 
tissue — e.g., the bones forming the vault of the skull, parietal, frontal, 
and a certain portion of the occipital bone. 

(b) Those whose form, previous to ossification, is laid down in 
hyaline cartilage — e.g., humerus, femur. 

In both cases, bone is produced by bone-formative cells called 



Fio. 3o7.— Cart of tho growing edge of the developing parietal hone of a fa'tal cat sp, Bony spicules with 
some of tho osteoblasts embedded in them, producing tho lacun.e ; of, osteogenetlc fibres prolonging 
the spicules with osteoblasts (pst) between them and applied to them. (Schafer.) 


osteoblasts. In the first mode of development the osteoblasts lay 
down bone directly, without any intermediary stage (ossification 
in membrane), while in the second the future bone is first giodelled 
in cartilag^e upon which, after it has undergone certain changes, 
the osteoblasts proceed to lay down bone as round a scaffolding 
(ossification in cartilage). 

Ossification in Membrane. — Where bone formation is about to 
occur the embryonic branched mucoid cells first multiply actively, 
become larger and apparently more crowded together and their 
processes disappear or at any rate become less obvious as the cell 
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bodies become more rounded. The vascularity of the area increases. 
At what is termed the primary centre of ossification, corresponding 

usually to the centre of the future 
bone, the altered cells, which may 
now be called osteoblasts, proceed 
to lay down bone between and 
round themselves in the ground- 
substance. Eadiating spicules of 
bone grow out from the original 
centre, each covered by a layer 
of osteoblasts which produce 
lengthening and thickening of the 
spicule. Some of the osteoblasts 
become buried in the bony tissue 
they form round themselves, be- 
coming then bone corpuscles each 
in a little lacuna. Where active 
extension of a spicule is occurring, 
it is often seen to be capped 
by a tuft of fibres on which 
the advance guard of osteoblasts 
is arranged. Such is called an 
osteogenic tnft. Calcification occur- 
ring between the fibres under the 
influence of the osteoblasts, the 
fibres and the cells gradually 
become embedded within the 
’ advancing bone. The spicules or 
trabeculai of bone branch and 
anastomose with one another so 
that a meshwork of bone is 
formed. In certain situations 
where bony strands are being 
thickened, a regular row of 
osteoblasts is formed on their 
surface. In other positions a 
sculpturing process is at work, 
the newly-formed bone being de- 
molished by large multinucleated 
bone - destroying cells called 
osteoclasts. This continuous re- 
modelling goes on to accommo- 
date the developing bone to the 
growth changes around it. As 
the skull cavity, for example. 



Fig. 308.— Section of two foetal phalanges; the carti- 
lage-cells m the centre of B are oiilurgod and 
separated from one another by calcified matrix, 
tm, Layer of bone deposited under the perios- 
teum; 0, layer of osteoblasts by which this 
layer was formed. The rows of cartilage-cells 
are seen on each side of the centre of calcifica- 
tion. In A, the terminal phalanx, the changes 
begin at the tip. (After Dixey). 
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enlarges, the curved bones in the vault have fresh material added to 
their convex surfaces by osteoblastic action coupled with absorption 
of bone on their concave surfaces by osteoclastic activity. Eound 
each individual bone the connective tissue condenses to form a 
fibrous sheath, the periosteum, beneath which are arranged the osteo- 
blasts on those surfaces where further bone growth is taking place. 
The trabeculaB towards the surface become altered to compact bone 
with typical Haversian systems, while in the interior the trabecular 
arrangement is retained to form the cancellous bone containing spaces 
filled with red marrow. 

Ossification in Cartilage. — This process is typically seen in the 
development of one of the long bones of the limbs. Here the future 
bone is first modelled in hyaline cartilage, but it must be remembered 
that this fcetal cartilaginous bone is many times smaller than even 
the medullary cavity of the shaft of the mature bone, and, therefore, 
tliat not a trace of the original cartilage can be present in the bone 
of the adult. Its purpose is indeed purely temporary; and, after its 
calcification, it is gradually and entirely absorbed. This cartilaginous 
model is at first completely sheathed in a condensation of the mucoid 
tissue termed tlie perichondrium. Over the articular ends of the 
bone this disappears later. 

The process of ossification may be most conveniently described as 
occurring in three principal stages. 

The first stage consists of two sets of changes, one in the carti- 
lage, tlie other under the perichondrium. These take place side 
by side. In the cartilage the cells in the middle * become enlarged 
and separated from one another. They become arranged in rows 
in the direction of the extremities of the cartilaginous rod. The 
cartilage-cells degenerate and the thinned walls between the enlarged 
spaces undergo a calcareous change. Simultaneously with this, a 
row of osteoblasts appears beneath the perichondrium round the 
centre of the shaft and tliese proceed to form layer after layer 
of bone on the surface of the cartilage. The osteoblastic layer 
gradually advances towards the ends of the cartilage and by it the 
layer of bone around the middle of the shaft is extended. As the 
layers are formed, some of the osteoblasts get walled in between the 
layers and become bone-cells. 

We may roughly compare the two sets of cells engaged in the 
process to two races of settlers in a new country. The cartilage-cells 
constitute one race, and so successfully build for themselves calcareous 
homes as to be completely boxe d up ; so they waste and disappear, 
leaving only the'^'iS^ls of their Tidmes. The osteoblasts, the other 
race of cells under the perichondrium, are forming layers of true 

* This is the case in nearly all the long bones, but in the terminal phalanges 
the change occurs first, not in the middle but at their distal extremities. 
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bone in that situation. Some, it is true, get walled-in in the process, 
and become bone-corpuscles, but the system of intercommunicating 
lacunas and canaliculi maintains their nutrition. 

These two races arc working side by side, and at first do not 
interfere with each other. But soon comes a declaration of war, 
and we enter upon the second stage of ossification, which is very 
appropriately called the stage of irru'ption (fig. 369). Breaches occur 



Fio. 369 —Ossification in cartilage showing stage of irruption. The shrunken cartilage-cells are seen 
in the primary %!r«oL*i. At %r an irruption of the subperiosteal tissue has penetrated the sub- 
periosteal bony crust. (After Schafer.) 


in the bony wall which the osteoblasts have built like a girdle round 
the calcifying cartilage, and through these the osteogenic tissue is 
poured into the calcified cartilage. This consists of osteoblasts, 
osteoclasts, and a store of nutrient supply in the shape of blood- 
vessels. 

Having got inside, the osteoclasts set to work to demolish the 
calcified homes of the cartilage-cells, and thus large spaces are 
formed. On the ruins of the calcified cartilage, the osteoblasts 
proceed to deposit true bone in layers, just as they were wont to do 
in their own country, under the periosteum. 
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The third stage is the extension of the process of ossification thus 
initiated towards the extremities of the cartilage. The cartilage- 
cells enlarge, form longitudinal rows, widen their spaces, and finally 
degenerate. Calcification occurs in the remnants of cartilaginous 
matrix, and on this scaffolding the osteogenic tissue extends the 
area of true bone, with ultimately the complete disappearance of 
the calcified cartilage. The first-formed bone within the shaft and 
the deeper layers of subperiosteal bone are absorbed by osteoclasts 
so that a medullary cavity is established, which continues to enlarge 
in all directions. 

The bone which is first formed is less regularly lamellar than that 
of the adult. The lamelhe are not deposited till after birth and 
their formation is preceded by a considerable amount of absorption. 
To carry our simile further, the osteoblasts are not satisfied with the 
rough constructions that they were first able to make, but having 
exterminated the cartilage, they destroy (again through the agency 
of the giant osteoclasts) their first work, and build regular lamellae, 
leaving lacunae for the accommodation of those who desire to retire 
from active warfare. It is the process of osteoclasis which is 
stimulated by tlio hormone produced by the parathyroid gland to 
sot free calcium into the blood-stream. 

After a time the cartilage at the ends of the shaft begins to ossify 
independently to form the epiphyses. Between each epiphysis and 
the shaft a plate of actively -growing cartilage persists for a time 
{epi^diyseal plate). But this plate does not become thicker, as 
ossification attacks it on both sides. Thus the bone grows in length, 
until towards adult life the cartilaginous plate ceases to grow and 
becomes obliterated by bony fusion between shaft and epiphysis. 

At the same time bone grows in width by the deposition of 
layers under the periosteum, like successive rings formed under the 
bark of a growing tree. The inner layers become absorbed, however, 
to provide for expansion of the medullary cavity. 

It must be remembered that even after growth in all directions is 
fully established, bone remains a living tissue containing living bone- 
corpuscles. If need arises, as in the repair of fractures, or in structural 
alterations of the bones called forth to resist new strains and stresses, 
the bone-corpuscles can resume their original osteoblastic and 
osteoclastic activities. 


Chemistry of Bone. 

Of the dry weight of adult bone freed from fat, two-thirds 
consist of inorganic matter, the remainder being mainly the protein 
collagen (which gives gelatin on boiling with water) and mucoids. 
Analyses of bones of a large variety of animals agree in assigning 
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about 90 per cent, of the total inorganic matter of bone to calcium 
phosphate, the majority of the remaining 10 per cent, being calcium 
carbonate with magnesium phosphate. The calcium phosphate 
appears to be present mainly in the form of the very insoluble 
tertiary salt, Ca3(P04)2, though Bassett believes that a somewhat 
more basic salt, [Ca3(P04)2]3 Ca(OH)2, is the main constituent. The 
bony structure of the adult is not absolutely permanent, and in 
whatever form the main constituent is present it is to be realised 
that this apparently quite insoluble skeleton is really in equilibrium 
with the blood, and under various pathological conditions (some of 
which are controllable) may suffer absorption or overgrowth. 


Chemistry of Ossification. 

For normal ossification to take place it is necessary that there 
should be present not ojily the general requirements for growth, but 
also an adequate amount of calcium and phosphorus, together 
with sunlight and vitamin 1 ). Also since calcium and phosphorus 
are absorbed into the blood in solution, there must be present some 
mechanism by which these substances become deposited where they 
are required. The chemical reactions which are believed to take 
place are as follows: — 

If a solution is saturated with a very slightly soluble solid such 
as calcium phosphate Ca3(P04)2, any addition to the dissolved 
Ca++ or PO/' will lead, by laws of mass action, to a precipitation 
of the solid. It is known that the concentrations of calcium and 
phosphate ions in blood plasma are such that at the of plasma 
these concentrations are very near the limit of saturation of that 
fluid with tertiary calcium phosphate. In fact, Holt, La Mer, and 
Chown have stated that blood is 200 per cent, supersaturated with 
calcium phosphate. It is clear that conditions would be very 
favourable for the local deposition of tertiary calcium phosphate if 
the concentrations of Ca++ or PO/" could be increased at the site 
where deposition was necessary. A mechanism which appears to 
ensure that these favourable conditions actually occur in growing 
bone has been demonstrated by Kobison and his collaborators. 
The work had an accidental beginning in the observations of Eobison, 
that during en zymotic hydrolysis of the calcium salts of hexose 
phosphate in the products of fermentation of yeast juice, an 
insoluble precipitate of calcium phosphate was formed. Experi- 
mental evidence of a very convincing kind has shown that an enzyme, 
phosphatase, a phosphoric esterase, is present in ossifying cartilage, 
mainly in the zone of hypertrophic cartilage cells and also beneath 
the periosteum in young bone (i.e. in the zone in which calcium 



CH. LXII.] 


CHEMISTRY OF OSSIFICATION 


927 


salts are being actively deposited). It is also present to a lesser 
extent in adult bone. This enzyme will convert soluble calcium 
salts of phosphoric esters into insoluble calcium phosphate in vitro, 
and Kay and Kobison have shown that it will hydrolyse a portion 
of the phosphoric esters normally occurring in circulating blood. 
This hydrolysis, if it takes place in the locality in which the enzyme 
is known to occur, will clearly lead to a local increase in inorganic 
phosphate concentration, i.e. to the conditions just mentioned as 
being very favourable for the local deposition of tertiary calcium 
phosphate. It has been found, however, that the presence of an 
amount of phosphorus sufficient to bring about the proper calcium 
phosphorus ratio is essential. Tlie precipitation of the phosphorus 
by beryllium carbonate causes a variety of rickets in spite of 
adequate calcium and vitamin D. 

The following observations increase the likelihood that this 
enzyme plays an essential part in the chain of processes leading to 
bone formation : — 

1. If a bone taken freshly from a very young animal is split 
lengthways and immersed in a very dilute solution of calcium 
glycerophosphate or calcium hexosemonophosphate in saline, calcium 
phosphate is deposited in the neighbourhood of the osteoblasts and 
hypertrophic cartilage cells. This can be demonstrated histologically, 
and is particularly clearly seen in rachitic bones (Robison, Shipley). 

2. The enzyme is also present in teeth, particularly in growing 
teeth. 

3. The enzyme is not found in such cartilage as does not normally 
ossify, such as that of the trachea. 

4. In embryonic cartilage in the chick, or in the cartilage of the 
human patella which only begins to ossify some three or four years 
after birth, the appearance of the enzyme and the commencement of 
ossification are simultaneous. 

5. It has recently been shown by Kay that in certain diseases 
(osteitis deformans and osteitis fibrosa) where there is profound 
disorganisation of the bones, relatively large amounts (up to twenty 
or more times the normal) of the phosphoric esterase occur in the 
plasma. In the normal individual and in most diseased conditions 
the amount of phosphatase in the plasma is small. Lesions of the 
bone involving a large part of the skeleton are thus associated with 
a faulty or abnormal distribution of the enzyme. 

The subject of ossification is of special interest in the healing 
of fractures. From what has been said it is necessary to provide 
adequate phosphorus, calcium, and vitamin D to promote absorption. 
Skimmed milk is probably the best medium for the conveyance 
of these. 
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Death. 

We have now completed the task we set ourselves, and having 
arrived at the new-born child have reached the point in the life 
cycle from which we set out. The bearers and transmitters of the 
germ-plasm, its hosts, the parents, pass away in due course, making 
room for their successors who live, repeat the process, and likewise 
die in their turn. 

It is not altogether inappropriate to conclude a book which deals 
with life by a few sentences on Death, which forms the final chapter 
for each individual. As the prime of life is past, signs of old age 
begin to appear — the eyes become feeble, the hair becomes grey, the 
cartilages calcify, the muscles become weaker, digestion gets feebler, 
and metabolism in every way more and more imperfect. If this 
continues, life is ultimately terminated by natural death, in which 
the functions get weaker and weaker and finally cease. Death from 
old age is, however, compai'atively rare ; the common cause of death is 
accident, in which term we include disease. In the activity of youth 
many a disease is vanquished, but as the powers of resistance 
diminish with increasing years, some ailment usually upsetting more 
particularly some important organ will ultimately find the body 
unable to repel its attack. 


That ends this strange, eventful history.” 
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IMPORTANT PHYSIOLOGICAL DATA 

Which Should re Memorised. 

Note . — As far as possible average figures are given, but it must be understood 
that even normals may vary outside the limits given. 

Vascular System. 

Heart -rate, resting, 50 to 80 per 
minute. 

Heart-output, resting, 4 to 6 litres per 
minute. 

Heart-output in exercise, up to 30 litres 
per minute. 

Blood-pressure, resting— 

Systolic, 105 to 150 mm. Hg. 

Diastolic, 70 to 90 mm. Hg. 

Capillary, 5 to 35 mm. Hg. 

Blood-flow velocity — 
in main arteries, 1 metre per 
second. 

in capillaries, 0‘5 mm. per second. 

Pulse-wave velocity, 6 to 7 metres per 
second. 

Ringer’s solution, NaCl 0'9 percent., 

KCl 0 042 per cent, CaCL 0*024 
per cent. , NaHCO^ 0 *0 1 5 per cent. 

Blood volume, to A body-weight. 

Red corpuscles, 5 to 6 millions per 
c. mm. 


Respiratory System. 

Atmospheric Air. Expiied Air. Alveolar Air. 

O, 20‘96 per cent. O, 16*4 per cent. O, 13 to 14 percent. 

COo, 0 04 per cent. CO.^, 4*1 per cent. CO.^, 5 to 6 per cent. 

Vital capacity, 3000 to 4000 c.c. Supplemental air, 1500 c.c. approx. 

Tidal air, 400 to 500 c.c. Complemental air, 1500 c.c. approx. 

Respiratory rate, 9 to 20 per minute. Residual air, 1300 c.c. approx. 

Oxygen in arterial blood: amount 18 5 c.c. per cent.; tension'! 

80 mm. Hg. 

Oxygen in venous blood ; amount 13 5 c.c. per cent. ; tension 
50 mm. Hg. 

Carbon dioxide in arterial blood : amount 54 c.c. per cent, ; tension 
45 mm. Hg. 

Carbon dioxide in venous blood : amount 58 c.c. per cent. ; tension 
58 mm. Hg. 

Oxygen consumption, 200-400 c.c. per minute. 

Carbon dioxide output, 160-250 c.c. per minute. 

Basal metabolic rate, resting, 1700 Calories per day or 40 C. per sq. m. per hour. 
Total Respiratory Quotient, 0’82. 

2 G 


resting. 


White corpuscles, 5000 to 10,000 ; poly- 
morphs, 70 per cent.; lymphocytes, 
23 to 25 per cent. ; large mono- 
nuclear, 1 per cent. ; eosinophils, 
2 to 3 per cent. ; basophils, 0 05 
per cent. 

Blood pH, 7*4. 

Blood sugar, 0 08 to 0*18 grn. per 100 
c.c. 

Blood urea, 30 to 40 mg, per 100 c.c. 

Blood creatinine, 1 to 2 mg. per 100 
c.c. 

Blood urea nitrogen, 10 to 15 mg. per 
100 c.c. 

Blood calcium, 10 mg. per 100 c c. 

Non-protein nitrogen, 25 to 40 mg. 
per 100 c.c. 

Haemoglobin content, 14 gms. per 100 
c.c. 

Oxygen capacity, 17 to 20 c.c. per 
100 . 
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Foods. 

Calorific values per gramme and respiratory quotients — 


Carboliydi Jill'S. 

Fats. 


Proteni.s 

4*1 C. 

9*3 

4*1 in body, 5*6 in calorimeter. 

R.Q. 1*0 

0*7 

0*8 



Protoiius 

Fats. 

Carbohydrates. 

Cow (Ayrshire) 
Human 

3*5 
. 17 

3*7 

3*4 

6 * 2 ] variable. 


Gastric Contents, etc. 

HCl, not usually above 0‘2 per cent. 

Inorganic chlorides, not usually above 0'35 per cent. 

58*5 

To convert HCl to chlorides multiply by 

* 36*5 

Optimum /)H of ptyalin, 67 ; of pepsin, 1*3 ; of trypsin, 8T. 
Fat in dry faeces, 25 per cent. 


Urine. 


Urea 2 per cent, daily excretion 30 to 40 grammes) .. , i. f i 

Ammonia, daily excretion 0'3 to 1 -2 gramiL J ’ 

Creatinine, daily excretion 0 9 gramme. 

Chlorides (as NaCl), daily excretion 10 to 16 grammes. 

Sulphur (as SO.,), daily excretion 2 grammes. 

Neutral sulphur, daily excretion 0T8 gramme. 

Phosphates, daily excretion 2 to 4 grammes. 

Uric acid, daily excretion 0 5 to 075 gramme. 

Volume, 1500 (approx.); pH 5 to 8; .sp. gr. 1015 to 1030. 


Bye (reduced). 

Distance of nodal point from cornea, 7 ‘3 mm. 
Focal length, 15*5 mm. 

Length of eye, 22*8 mm. 


Muscle and Nerve. 

Nerve impulse rate, cold-blooded, 30 metres per .second. 

Nerve impulse rate, warm-blooded, 120 metres per second. 
Refractory relative period of nerve, 0*015 second; absolute, 0*003. 
Refractory period of muscle, 0*005 second. 
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Abdonion, innervation of, 100-2 
ollrnt ofblow on, 186 
Abel’s vivi-dilfusion apparatus, 47S 
Aberration, chromatic, 834 
spbencal, 833-4 
Abortion, and Vitamin E, 41‘J 
Abrin, 876 

Absorption, by skin, 601 
in healing of fractures, 927 
in intestines, etc., 482-8 
nature of, 481-2 
of foot], 475 87 
renewal of lymph by, 224 
selective, 477, 482 

Absorption band of Vitamin A, 108 
" Acceptors," 287 

Accommodation of the eje, 823, 827-80 
defective. See Presbyopia 
mechanism of, 829 
reaction to, 855 

Acetahiehyde, formation of, 297 
Acetic aldehyde, in formation of fat, .510 
Acetic anhydride, on cholesterol, 306 
Acetone, 298 

in /:f-oxidation, 521 
in diabetic urine, 572 
111 fat metabolism, 520-1 
m ketosis, 521 

in urine, Uothera’s test for, 673 
on lecitlun, 806 

oxidation jiroduct of si'condaiy alcoliol, 298 
Acetone bodies, .025 

Acetyl choline, deriv.itivo of choline, 83 
at neive-enduigs, 37 
in circulation, S3 

m tiansmission of nerve imi»ulso, 83 
in vasodilatation, 84, 101, 193 
injection into blood-vessels, 81 
meciiatoi between musclo ami neive, 37 
on heart, 88, ISs 
on lymph How, 222 
on nerve imijulse, at synapse, 82 
on parasympathetic, 104 
jiroduced at nerve-endings, 84 
vasodilating pioiiorties, 83 
Acetyl radical, 804 

Achalasia, delinitioii and causes of, 495 
Achromic point (starch digestion), 471 
Achroo-dextrin, 302 
in digestion of starch, 446 
Acid (acids), accumulation of, in oedema, 223 
and absorjitiuii of ealcium, .5sa 
and Inernoglobin, 871 
a-amino, 816-17 

a-ainino-/i-hydroxy-n-butyric, 529 
a-amino-isobutyl-acetic See Leucine 
a-amino-propioTiic See Aianine 
acetic, decomposition of, 816-17 
formation of, 298 
from ethyl alcoliol, 804 
m oxidation of butyric acnl, 520 
988 


I Acid, 

Acid — continued. 
acetic, on blood-corpuscles, 316 
accto-acetic (diacetic), in diabetic urine, 572 
m oxidation of butyi ic acid, 520 
in HI me, 521 
test for, 573 
acrylic senes, 304 
.ulcnylic. 585 
amino-, 314, 816-19 
absoriition by blood, 477-8 
by largo intestine, 4s3 

and sjH'cilic dyn.unic action o1 proteins, 102 
.iiomatic, 317, 529 
biological value of, 531 
breakdown of, 523-4 
destination of, 522-3 
diflusibility of, 470 
digestion by bacterial action 484-5 
es.sential, 528-9 
from histones, 309 
fiom protamines, 808 
m blooil-pla.sma, 855 
m nourishment of fietiis, 908 
in mine, 574-5 
insolubility of, 478-9 
on peiistalsis, 491 
Yiroduction in small intestine, 475 
souice of anirnoiiia, 564 
amino-acfttic See Glycine (glycncoll) 
amino-glutai IC See Acid, glutamic 
amiuo-succinaniic See Asjiaiaginn 
amino-succiiuc See Acid, aspaitie 
aromatic ammo-, 317, 529 
ascoibic, ot Vitamin G, 412 
I ot supiaivnal, inedull.i and cortex, hbS 

I aspartic (amino-succinic), 317 
I /^-amino-piopioiiic, 816 
beiizouc, formation of, 520 
kidney on, 553 
/S-bydioxybutync, 520 
, m diabetic urine, 672 

in oxidation of butyiic acnl, 520 
' signilicance in ketosis, 521 

, bile, 539-43 

! in abaoiiition of fat, 4 80 

butyric, from butyl alcohul, 304 
I oxidation of, 520 

I caproic, 316 

I fiom hexyl alcoliol, 804 

1 caibolic, on sensation, 787 

I carbonic See Carbon dioxide 

I cholanic, .'■> 10 

j elioh'ic, 510 
' cholic, 540 

' citiic, III human milk, 421 

j cieatinephoaphoi IC, 50-1, 665 

I cyanic, 523-4 
5-ammo, 525 
desoxycludic, 540 
i diamiiio-, 318 

' from histones, 809 

I fiom protamines, 308 
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Acid. 

Acid -continued 
diamuio-caproic Sec, Lyame 
diarnino- valeric See (^rniLliiiie 
dicarboxylic, 317 
oxcielmii in unne, 630 
extiacts of ])ituitary, .s99 
fatty, 804, 040 
and lat dopi ds, 479 
bilo, a solvent of, 548 

destruction ol toxicity in absorption, 47o 
in i.eces, 4b6 
in intestine, 4S0 
fermentation in urine, 571 

llavinephusphoiic, on adronalectondseil animals, 
86.S 

formation in gaatric juici'S, 450 
in muscle contraction, 50-1 
in oxidation, 387 
formic, fioni metbyl alcohol, 304 
gastric, coloui tests for, 473 
glutamic (amino-glutanc), 817 
cleavage product of pioteins, 319, 330 
glycocholic, of bib', 539, 510 
glycuroiiic, 539, 573 
giiaiaconic, 574 
guanylic, 811 
gyrnneiiiic, on taste, 793 
luppunc, 553, 567-S 
formation of, 530, 553 
111 urine, 649, 500 

jiroduct of protein metabolism, 5(>1 
homogentisic, in urine, 573 
hydrochloric, and digestion of curd, 457 
in gastric juice, 453, 458, 454 
meat extracts on secretion ot, 455 
neiitialised by bile, )I3 
ot stomach, 436, 484 
on ptyalin in stomach, 447 
secretion of, by oxyntic cells, ,450 
Toider’s test for, 473 
hydroxy-, 535 

hydroxybiityric, in diabetic urine, 672 
hydroxy-propionic, 81o 
iiriidazole-amino-propiouic See Histidine 
in dio])sy, 228 

indole amino-propiomc iSrr Tryptophan 
isomeric, definition of, 800 
ketu-, breakdown of, 511 
in deamination, 525 
lactic, alactacnl debt, 52 
colour tests for, 472 
coiiveision in body, 592-3 
fermentation, 801 

ot carbohydrate digestion, 4S4 
tiom amino-acids, 525 
from glycogen, 51, 510 
m blood during tetanus, 284-5 
in dKjpsy, 228 
m exercise, 195, 289 
in muscle contraction, 61-2 
ill severe exercise, 62 
111 severe muscular work, 200 
in souring milk, 421 
in sweat, 004 
in uiine, 52 

on caiiillaiics, 175, 190 
on respiratory centre, 265 
production of, with O.j debt, 52, 289 
lesyntbesis, 52 
test for imiigestiou, 472 
mendelic, 500 

methyl-guanidic acetic. See Creatine 
inono-amino, 818 
monoiodo-acetic, 477, 480 
mucic, fiom galactose, 800 
neutialisatiun by kidney, .5f>8, 564 


Adaptation. 

Acid — continued 
nicotinic, 412 
nucleic, 299, 520-1, 585 
ot nucleo-pioteiiis, 811 
oleic, formula, 304 

from lecithin, 879, 518 
of medullary sheath, 79 
radical, of phosjihatcs, 79 
on amcehoid movement, 10 
on capillanes, 175 
on ca.scinogen, 419 
on gastric secretion, 454 
on peristalsis, 494 
on i>roteuis, 313 
on jityalm action, 447 
on ies[)iration, 241 

after section of vagi, 268 
on s[)cimatozoa, <SS5 
organic, of gastiih juice, 462 
osmic, staining in nerve degeneration, 79 
with aciylic acids, 304 
palmitic, formula, 304, 805 
phenaceturic, foimatiou of, 630 
phenyl acetic, foimation of, 620, 621 
])ho8j)hates, in rigor mortis, 54 
phosphoric, from nucleic acid, 811 
fiom pliospho-jiroteins, 310 
j m lecithin, 5 is 

1 in mine, 509 

' of lipins, 307 

I of imcleo-protein metabolism, 526 

1 inciamic, 800 

1 j)ierie, glucose on, 800 

' piopionic, decomposition ol, SIG 

j from jiropyl alcoliol, 804 

in /:t-oxidation, 520 

I prussic, absoi])tioii from stomach, 475 

I jiyruvic, 411, 610 

I sacebanc, from glucose, 800 

I saivolactic, ni fatigue, 89 

111 rigoi mortis, 54 
ot muscle tissue, 55 
secretion by oxyntic cells, 453 
sodium jdioHpliate, 553, 5C0 
stearic, formula, 804 
in lecithin, 518 

sulphmio, on cliolestcrol crystals, 80o 
ot mine, 501 

taurocholic, ot bile, 539, 543 
uric, 566) 

, deposit of, in urine, 570-1 
excretion of, 6()7 
lurraation of, 527, 567 
through spleen, 213 
in urine, 549, 5b0 
of blood-plasma, 649 
ol endogenous metabolism, 523 
of protein metabolism, 385, 501 
of jmnno metabolism, 537 
valeric, .304, 316, 318 
AcidiPinia (acidosis), 563, 592-3 
in diabetes mellitus, 517 
on ammonia : urea latio, 564 
Acid-base equilibrium, 649, 689-94 
.and niotoi area, 710 
cajullaty K'spoiise t(j, 175 
maintenance of, in exercise, 289 
Acidity, gastric, 452 
ot urine, 560 
Aci olein, 804 
Acromegaly, 871 , 872 
Acrosome, 884 

Adamkiewicz reaction for proteins, 813 
for tryptophane, 817 
Adaptation, ot bladfler to jiressure, 656 
to onvironmont, 775 
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Adaptation— cont mued 
to a stunulus, 73X 
Addiaon’H disease, 480, 803, SG8 
Adenase, 620 
Adenine, formula, 526 
from nucleic acid, 811 
Adipose tissue, fat m, 803-4 
Adiposity, 870 

Adrenaline (adrenal hornujiio), 863 el srq 
and water-salt balance, SiiB 
compared with pitmtrin, 872 
constancy in blood, 867 
derived from tyrosine, 529 
destruction in liver, 860 
etlective doses of, 864 
eflects of, 864 et seq. 

estimations of amounts in supraienals, 
867 

-like substance (inhibitor), 84 

on alimentary canal, 603 

on asthma, 866 

on blvVldor, 556 

on blood coagulation, 8.50 

on blood jiotassium, 583 

on blood sugar, 513, 515, 516, .517, 864 

on bronchioles, 281, 866 

oil cerebral circulation, 202 

on coronary circulation, 201 

on depressor reilexes, 191 

on excised heart, 156 

cm glucose, 618, 864 

on heart-rate, 155, 179, 188 

on limb volume, 192 

on metabolism, 864 

on muscle glycogen, 510 

on musculans mucosa, 498 

on pupil, 837 

on salivary secretion, 444 

on sympathetic, 103, 104 

on vagus activity, 194 

on vagus section, 268 

on voluntary muscle, 866 

on white blood-corpuscles, 862 

]jrotection by, 8o7 

relation to protein metabolism, 401-2, 528 
secretion of, in asphyxia, 283 
in heat loss, 609 
in severe exercise, 198 
on nervous control, 195 
source of, 862 et se<i. 

Adioiial (lortex. on growth, 304 
and vitamin (J, 412 
and virilism, 897 
and sodium chloride, 582 
Adienals, 776, 861-8 
extirpation, 477, 4S0, GOO, 807 
production of shivering, (i09, 867 
See also yuprarenals 
Adsorption, 886-7 
definition of, 832-8, note, 838 
of bile acids, 480 
Aerobic organisms, 287, 838 
.disthesiometers, 725 
Attei -images, 860-1 

After-loading in muscle contraction, 81, 42 
After-potential, period of positive, 8.3 
Age, eflect on heart-rate, 144 
Agents, staining, use of, 3 
Agglutinins, 877 
Agraphia, 779 

Air, alveolar, composition of, 238, 240 
collection of, 240-1 
00-2 pressure in, 263-4 
Oo pressure during rest and work, 261 
atmospheric, composition of, 240 
bronchial, composition of, 288 


Alkali. 

Air — confimted 

comparison of atmospheric, alveolar and e\- 
piied, 240 
coinplemental, 238 

cxpiied, comiiosition of, 238, 240, 242 
collection of, 241-2 
measuroineul of, 236, 3S8 
hunger, iii h.einorihago, 200 
inspiied, measurement of, 286 
movement, in ventilation, 733 
-pocket III stom.ach, 496 
(luantities breathed, 237-40 
reserve (supplemental), 288 
residual, 238 
measurement of, 239 
respiratory, quality of, 240 
sw.iUowmg, 484 

tidal, deliiution and measurement of, 238 
“ Alactacid ” debt, 52 
Alanine (u-amino-propionie acid), 316 
111 blood during protein digestion, 478 
in de.immation, 525 
Akanyl-leucine, 820 
Alanyl-leucyl-tiyosine, 820 
Albumins, the, 309 

action on, ot alcohol, ammomum sulpliate, 
caustic potash, copper sul[)bate, heat, nitric 
acid, 315 

coagulation of, by beat, 312 
•Jenaturation ot, 314 
dillusibility of, 313 
egg-, 423 

cleavage products of, 319 
ciystallisation of, 312 
in swaat, 604 
in urine, 672 
of colostrum, 418-19 
of milk, 419 
of muscle-plasma, 55 
precipitability of, 854 
serum-, cleavage jiroduets of, 319 
source of, and doseriptiun, 809 
Allmminoids See Sclero-pioteins 
Alburnosea, the, 314 
Alcohol, absorption of, 475, 181 
•illyl, 804 

amnio-ethyl, of lipins, 307 
! a-tocopheiol, 413 

1 consumption of, on digestion, 426 
! etliyl, S3 

heat produced m oxidation of, 384 
hexahydnc, 298 
monohydric, 298, 304, SOi) 
on doxtriiis, 802 
on fats, 304 

I on ga,stric secretion, 456 

I on glycogen, 808 

I on skin-vessels, 176 

primary, 297-8 

primary propyl, formula, 297 
protein preciintation by, 314 
terpene series, 306 
value as adjunct to food, 426 
vapour on neive im]mlse, Si 
Aldehyde, definition of, 297 
reaction of, m oxidation, 287, 297-8 
Aldose, definition, 298 
Alimentary canal, 429-83 
activities arrested by sym]»atbotic, 102, 103 
increased by par.asympatlietic, 102 
adrenaline on, 864-5 
antidromic nerves in, 101 
involuntary muscle of, 18 
nervous control ot, 102-8, 501-4, 775 
Alkalaimia, 693-4 
Alkali, and hicmoglobin, 871 
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Alkam. 

Alkali —continuctJ 

excretion of, by kidney at liit,di altitudes, 

292 

in corpuscles, importance of, 256 
III decomposition of esters, 835-6 
injection of, on respiration, 265 
ot fetal blood, 908 
on amceboid movement, 10 
on ciliary movement, 10 
on gastric secretion, 454 
on insulin secretion, 509 
reserve of the blood, 259-60, 582 
estimation of, 249 

Alkali-meta-protein, formation of, in pancreatic 
digestion, 463 

Alkaline, extracts of jntnitary, 899 
pliosphates, deposition in bladder, 557 
tide, 500 

Alkaptonuria, 573 

“ All or None ” Law of cardiac muscle, 189 
“ All or None ” phenomenon of miiside contrac 
tion, 84 

Allantois, 903 et seij 
in parturition, 909 
Allocheina, 747 

Altitudes, adaptation to liigdi, 291 
on blood volume, 348 
o\ygen-want at, 291 
Alum, on blood coagulation, 350 
Alveolar air, composition of, 240 
collection of, 240-1 
CO 2 pressure, 263 
at breaking point, 271 
Oo pressure during rest and work, 26l 
Iife.ssure at high altitudes, 291 
Alveolar ventilation, 239 
Alveoli (acini), irritation of, by chlorine, 268 
of lungs, dt*Iinition and structure of, 232 
of lymph glands, 220 

of mammaiy glands, during lactation, 422 
of salivary glands, 441-8 
piessuro of oxygon in, 254 
Amboceptor (immune body), 877 
Amenonhma, in lliissaud type tumours, 871 
Ammonia, formation m kidney, 504 
from iiulypeptuies, 468 
in breakdown ol amino-acids, 523 
in digestion, 4S5 
in urine, 5.52, 563.4, ,58.5 
estimation of, 578-9 
of intestinal digestion, 485 
on glycogen, 308 
on histones, 309 
on muselo, 23 

produced by metabolism in nerve, 82 
jiroduet of protein metabolism, 561 
stimulating agent, 23 

Ammcjiiia • urea ratio (ammonia coefficient), 660 
Ammonio-inagnesium phosphate (triple idios- 
jdiate) in urine, 669 
Ammonium carbonate, 623 
in urine, 671 

Ammonium chloiide, in secretion of gastric juice, 
453 

111 treatment of urinary infections, 660 
Auimonmm cyaiiate, 623 
Ammonium salts, 653 
Amnion, 902 
Arniiiotic fluid, 905 
Amceba, 7 
movement of, 8 

Ampulla of semicircular canals, 686 
Amyl alcohol, oxidation to valeiic acid, 804 
Amylase, of pancreatic juice, 462, 464 
Ainylolysis, estimation ot, 471 
Anabolism, 818, 607 


AUdlNABir 

Anamiia of the bulb, 663 
cerebral, dining Valsalva’s oxpeiiment, 281 
giddiness during, 200 
due to giavity, 199 
effects of, 199 
local, in tfio brain, 203 
on blood volume, 348 
on skin colour, 204 
on sympathetic, 182 
pernicious, 860, 457 
Anaerobic organisms, 8S8-9 
Anaesthesia, convulsions after, 683 
dissociated, 742 
fj’om rectal absorption, IS.? 
on anterior and posteiioi roots, 101 
on body temjierature, 611 
on ciliary movement, 10 
on kidney efficiency, 664 
on nerve activity , 82 
on nerve-cells, 761 
on n«>rvo impulse, 81 
on pupil, 837 

on triple response of skin, 205 
on white ramus, 103 
recovery from, and rigidity, 683 
Analyser in conditioned reflex, 700 
Anaphylaxis, 879-80 
on oosmopliilos, 863 
An.astoinosis, artetio-venoiis. 117 
Aneleetrotonus of nerve, 88 
Aneurm,4ll 

j Angle, visual (optical), 825 
I filtration, of eje, 822 
Anhydiaso, carbonic, 259 61 
I An-ions, 826 
Ankle-clonus, 677 
, Ankle-jerk, 677, 678 
I Anosmotu! animals, 796 

Anoxiemia .S'ee Oxygen-want 
I A nteiior poliomyelitis, 275 

Antidromie neive-hbres of iiarasyiniiathetic, 101 
Anti-enzyraes, 842-8 
i Antigens, 376 

I Anti pepsin of gastric epithelium, 457 
Antiseptics, on goitre, 893 
Antithrombins, 350 
Antitoxin, 375-6 

Antitrypisiii of iiitostinal epitlndium, 457 
Antrum of Graafian follicle, 887 
Anus, innervation of, 102 
relaxation of sphinctei , 601 
Aorta, blood-pressure lu respiration, 280 
CO.^ on, 264-5 
function of, 112 
kinetic energy of blood in, 151 
stretching of walls of, 186 
Aphasia, motor, 779-80 
Apneea, definition and cause of, 264 
explanation of, in Choyrio-Stoktvs’ res]<iration, 
272 

produced by adrenaline, 864 
Apornoiphine, 497 
Apoplexy, 651 
Appetite (hunger), 748 
anil vitamin B 1, 411 
i natural mineial, 587 

1 Aqueductua Fallopii, 800 
I Arachnoid, 615 
I Arbor vitae, 643 

[ Arcbipallmm (primitive brain), 058 
1 Areola of nipple, 422 
' muscle of, 18 

' Areolar tissue of mammary glands, 4 21-2 
of arterial wall, 112, 113 
I of coats of veins, 118, 114 

Arginase, action of, 340-1 



INDEX 


937 


Aroinase. 

Arginaso — co nt inued 
in urea formation, 524 
Argimue, 818, 840-1 
and Instuiino, 529 

cleavage product of proteins, 319-20 
essential for growth, 529 
from protamines, 808 
in urea formation, 524 
Argyll-Robertson pupil, 865 
Aim, coitical aieas fjr, 718 

Arrhenius, work on electrolytic dissociation, 82S 
Arsenites, 511 

Artena centralis retinye, 818 
Arterial rectae, 548 

Aiterial Pressuie. See, Blood I’lessuie 
Arterioles, 112 
dilatation of, 160 
rnamtenance of tone, 162 
on skin colour, 204 
peripheral resistance in, 160 
Arterio-venous anastomosis, 117 
Artery (arteries), 112-13 

bronchial, function of, 112, 238 
carotid, 198, 202, 684 
ciliaiy of eyeball, 822 

constriction duiing capillary dilatation, 4S5 
coronary, 112 
etlect of ligature, 162 
ollects of occlusion, 117 
lunction of, 107, 110 
helicino, of penis, 881 
hepatic, 535, 637 
in asphyxia, 283 
interlobular of kidneys, 517 
nerve supply, 118 
obstruction in, 289 
of cerebral circulation, 201-2 
pulmonary, 112 
blood-pressure, 166 
function of, 233 
renal, 546 

ligatuio of, 558 
structure of, 112-18 
systemic, blood-pressure in, 166 
tluilainogeniculate, lujitureof, 711 
umbilical, ot hetus, 908 
vertebral, 201 

volume and pressure of CO^ and O.j in, 202 
Artifacts, pioducod by flxing'’aiid stainnig, 2 
Artiticial respiration, 273-5 
mechanical, 275 
on blood-pressure, 280 
Arytenoids. 782, 783 

Ascbheim-Zoiidek test, for {ircgnancy, 8 'mj 
A sparagine (arniuo-succmaniic acid), 317 
Asphyxia, 177, 281-3 
COo 111, 187 
m CO poisoning, 293 
Oo-want in, 187 
on blood-pre.ssure, 187 
on blood-sugar, 515 
on pupil, 887 
on respiration, 264 
on section of vagi, 268 
on skin colour, 204 
on sweat secretion, 602 
on sympathetic, 182 
on white corpuscles, 802 
with section of spinal cord, 771 
Assimilation, power of, in all living oiganisms,? 
Association, levels of, 757 
Astereognosis, 714 
Asthenia in cerebellar disease, 692 
Asthma, bronchial, constriction of, 231 
on eosinophilo leucocytes, 863 
treatment by adrenaline, 231 


BaCI'EUIO-LYSINS. 

Astigmatism, 833 

Astringents, on blood coagulation, 350 
Asynergia in cerebellar ataxia, 692 
Ataxia, cerebellar, 092 
Atmosphere, composition of, 240 
Atonia in cerebellar disease, 692 
Atrophy, disuse-, 79 
Ati opine, in chlorofmm aiiH'stliosia, 188 
on acetyl cboliiio, 84 
on antidromic nerves, 101 
on Bainbridge reflex, 197 
on frog's heart, 184 
on gastric secretion, 455 
on heart-rate, 188 
on light reflex, 854 
on pancreatic digestion, 466 
on parasympathetic, 104 
on psychogalvanic reflex, 198 
on pupil, 837 
on saliva, 444 
on secretion, 438 
on secridion of saliva, 443 
on sj>asm of colon, 60 1 
on sweat accretion, 602, tj03 
on vagus, 185, 186, 188 
on vasodilators, 84, 99 
Attraction sjiliere, of cell, 2, 3 
Atwater-Bcncdict ]leS[)iratioii Calorimeter, 885-6 
Auerbach's plexus, 100, 430, 494, 502 See also 
Nerve I’lexus 

Auricle, description of, 109 
rate of, 144 

Aunculo-vontriculai bundle, 18 
description of, 187-8 
function ot, 137-8 
1 glycogen of, 803 

I mini y of, 139 71. 

i section of, 138 

I \agU8on, 184 

j Aunculo-ventncular node, 137 
I Auto-digestion, 456-7 

Autolysis after rigor mortis, 54-5 
j produced by enzyme action, 840 
1 Autonomic nervous .system, 95-105 
I action of drugs on, 95, 104-5 
I and motor areas, 712 

i control ot involuntaiy muscle, 60- 1 
I cianio sacral division, 183 

, general function of, 102-4 

I neurones of, 95 

I non-medullated fibres of, 72 
j on circulation, 93 

I synapses of, 93 

I Auto-oxidation, 286-7 
i Aveitm, rigidity on recoveiy liom, 683 
' Avitaminosis B 1 , 411 
j Avogadro's law for gases, 831 
I Axis-cylinder, definition ot, 70 
I Axis of rotation of mernbiana tympani, 80o 
I Axon(.s), 67 

ot ceiebelluni, 645 
ot sympathetic, 94 
pre-gangliomc fibre, 96 
reflex, 072 


B. 

Babinski’.s Sign, 680 

Bacteria, action of, in digestion, 484 et saj 
destroyed by cooking, 425 
in faeces, 480 
in large intestine, 483-4 
in .saliva, 1 IG, 447 
in urine, 560 

Baoteno-lysins, 875 
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BAINBHlDnE’f> IlKI-LEX 

I3ainbrid{;f’s (right auricular) reflex, 197 
during rospiiatioii, 280 

liarcroft apparatus (estimation of blood gases), 
248-9 

Barcroft and Nagahashi’a method of moasiinng 
tension of blood gases, 252 
Baroroft’s Saturator, 25S-4 
B-avitarninosis, 411, 480 
Beans, in genoial diet, 629 
Bechtorew’s imclous, 689 
Beckmann’s thermometer, 330 
Beef-tea, 42b 
Bellini, ducts of, 646 

Benedict, Diflerential Calorimeter of, 386-7 
metliod of, for estimation of sugar in urine, 
579 

method of, for stinlying motabolism, 880 
method of indirect calorimetry, 884 
Benedict’s solution, 579 

Beneficial eflect ot contraction, of muscle, 86-7 
of nerve, 89 
Benzene ring, 817 

Benzidine test for blood m urine, 574 
Beri-beii and vitamin B 1, 411 
Bernard, Claude, 190, 202, 681 
Bernstein’s metliod of measiiiing velocity of nerve 
impulse, 85 

Bciyllmm carbonate, an<l rickets, 927 
Beverages, 42b-7 
Bidder’s ganglion, ISO 
Biedermaim’s fluid, composition of, 59 
Bile, 689-43 
acids, 30(3, 622, 639-40 
action on lipase, 464 
and excess of fat in fau'es, 4S7 
and luemoglobiii, 371 
-capillaries, 637 
carnage of, 635 
cholesterol of, 306 
circulation of, 541-2 
constituents of, 539 
daily excretion of, 639 
digestive action, 4(i3 
discharge of, into duodcmim, 4()5 
ducts, obstruction of, 479 
and pain, 734 

and rcinor.il of gall bladdci, 543 
•lat complex, 480 
turmation, 639 
functions of, 543 
in urine, 673 
on fat absorption, 480-1 
on fieccs, 187 

on pancreatic secretion, 406 
on peiistalsis, 494 

pigments (bilirubin and biluerdin), 302, 3ti8, 
539-41 

formation of, by Kupfler cells, 862 
111 sweat, 604 
oiigin of, 640-1 

precipitation of pclJSin, 458, 543 
-pressure, 642 

-salts (laurocholato and glycocliulate of sodium), 
639, 540 

and food absorption, 482 
in pancreatic digestion, 464 
on led blood cells, 3b0 
secretion of, 541-2 
storage and secretion, 542-3 
“ Bilious attack,” 458 
Bilirubin, 868, 539, 540, 541 
formation of, 862 
Biliverdin, 539, 540, 511 
Bimolecular reactions, 336 
Birds, and vitamin B;j complex, 412 
Biurates, 566 


Beood. 

Biuret, foimatioii of, 313 
reaction for protamines, 308 
for peptones, 316 
for iirotoins, 313 
for piotooses, 315 
negative for polypeptides, 468 
Jlhick-cunants, vitamin C of, 412 
Black -tongue, 412 

Ulaek-water fever, hicmoglobmuria in, 574 
Bladder, gall-, involuntary muscle of, 18 
urinary, 648 

formation of stones or calculi in, 571 
involuntary muscle of, 18 
“ {lostural condition ” ol, 656 
terminal ganglia of, 102 
Blastula (nioiiihi), 902 
“ Blind spot,” 8S7-S 
Blindness, 715 
colour-, 849, 850-51 
I night, 841 
; lilood, 847-80 
I absorption of tat, 517 

I absorption of tood on, 478 

acid-basc equilibrium, 289, 5J9 
action on c.iiotid body, 265 
adrenaline ot, 867 
agglutinating action of, S77-8 
alkali reserve of, 259-60 
estimation of, 249 
and creatiiu' of muscle, 564 
and liver cells, 637 
and protein break-down, 88S 
anticoagulants, 350 1 
antitoxic power ot, 375 >6 

arterial, changes in gaseous content of, 264, 
205 

COo content of, 257 
aitenal, oxygenation of, 111-12, 264 
lenal, 564 

tension of Do during rest and work, 261 
bactericidal power ot, 374, 375-6 
Barcroft and Nagaliaslii’s method of measiiiing 
tension of gases in, 252 
“ buffer ” substances of, 585, 592 
calcium, maintenance and forms of, 683 
clilondo, 453, 682 
clilondo shift, 269 
circulation ol. See Circulation 
-clot, eflect of, in brain, 203 
clotting, and calcium, 583 
in injury, 200-1 
prevention of, 168 
CO.j combining power of, 249 
coagulation of, 349-52 
negative phase, 360 
colloidal osmotic pressure, 660 
colour of arterial and venous, 111-12 
colour index, 857 

conceutiation ot, on kidiu'y excretions, 554 
constants, 681 et kcti 

deficiency of, remedied through lymph, 224 
depots, 196-7, 209-10, 213 

distribution for bodily needs, nervous contro J 
ot, 195 

factors modifying coagulation of, 860-1 
-fat, 479, 618-14, 874 
fo-tal, 906, 908 

-flow, changes of velocity of, in brain, 202-8 
in capillaries, 929 
in mam arteries, 929 
measurement through a part, 192 
through contracting muscle, 19b 
gases of, 247 et seq. 
estimations of, 248 et seq. 
exchanges of, 161-2 
principles of analysis, 243 
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I3r>ooD. 

Blood- CO ntinved 

gases of, relatiou between quantity ami tenaion 
of, 25;i 

globulicidal power of, 374-6 
groups, 873 

liaunoglobin content of, 357, 929 
Haldane’s gas analysis apparatus, 243-4, 
249 

Il-ion concentration of, 52, 257, 590-2, 929 
at high altitudes, 260, 292 
human, distinguished Irom that of other 
animals, 878 

hydrostatic pressure of, on Isjdy and tissue 
fluids, 225 

in adienali'ctoiny, 808 

in alkala mia, 698-4 

in diabetes mellitus. See Diabetics 

in latigue, 91 

m red sweat, 001 

m ricki'ts, 40S 

in alools, 4S7 

in urine, 678-1 

inference metliod of measuring tension o1 gasi s 
in, 252 

lecitiun content, 480 
loss during starvation, 530-1 
metabolism ami heait-iate, 388 
micro-gas analysis, 244 
neutrality ot, 258-9 
opsonic power, 878 

osmotic pressuio, relation to secretions, 437 
to tissue flunl, 3^veat, urine, etc , 224, 225 
to urinary flow, 650-1 
oxidation, rate of, 250 
oxygen cajiacity, 249 
at high altitudes, 291 
oxygen content, 249 
physical characters, 347 
-ingrnents, 866 et seq. 
derivatives of, 868 
test for, in urine, 671 
-plasma, 352-5 
and tianspoit ol COj, 257 
arterial, 549 

change from sol to gel in coagulation, 852 
COo in, 25S 
didiMitioii, 8 17 
in tissue lespiration, 284 
Inpior sangumis, 347 
-platelets, 864 

rule of, in bloo<l clotting, 349 
-piessuro, aortic, on cerobial ciiculatioii, 202-8 
on coronaiy ciiciilation, 201 
capillary, 106, 174 

importance of, in lymidi formation, ami 
renewal, 222, 224, 225 
in hremorihage, 225 
measurement of, 165-6 
on lymph-flow, 221 
resting, 980 
cerebral, rise of, 180 
diastolic, 100, 105, 167-9, 190, 929 
effect of acetyl-chuline on, 83 
ellect of adrenaline on, 804 
amines on, 468 
COo on, 189 

dilatation of sinus caroticiis on, 186 

exorcise on, 194, 196-7 

hicmorrhage on, 200-1 

heart-rate and, 148, ISO 

local dilatation of vessels on, 190 

JMarey’s law, 186 

mental ellort on, 197 

over- ventilation on, 189 

posture on, 200 

lospiiation on, 279 SO 


Hr noD 

Illood— conti nued 

-Iiressure, section of medulla on, 189 
vagus on, 188 
cndocardiac, 129 

factors responsible for maintaining, 102 

fall of, in section of spinal cord, 771 

111 animals, 162 et sixi 

in artilicial respiration, 280 

in arteries and veins, 106 

in asphyxia, 283 

111 Ihiss.iud type tumouis, S7I 

in caiotnl, 867 

m debility ami cercbial amemia, 200 
m exeicise and asphyxia, 187 
in insjniation, 280 
111 kidney dise<is<>, 558 
in man, 1G7-9 
in over- ventilation, 189 
ill “8ham Wage,” 707 
in Valsalva's experiment, 281 
111 veii.e cava*, 166 
increased by sympathetic, 102 
intra-auncular, 181-2 
intracaiiillary, on lyniph-llow, 221-2 
magnesuini of, 405 
magnitude and variability, 205 
maintenance of, 159-62, 191, 292 
measurement by amiitoiy midliod, 162-7 
107-9 

on cardiac output, 148 
on cerebral circulation, 201-8 
on beart-r.it(>, 186 
on lyiiijili How, 221, 222 
on reflexes, 075 

on return of blooil to the heait, 177 
on urine, 550 
peripheral resistance, 100 
phosphoiu-. ot, 585 
purpose ot, 159 

icilex protection (ff, 185-7, 1S9-90 
1 elation to heait-beat, 148-9 
relation to symi>ath>*tu*, ls2 
relation to vasoconstrictor centre, 189-90 
relation to vasoilil.itor ccntie, 192-3 
rise during arnino-aeid digestion, 486 
systolic, 182, 11.0, 105, 107-9, 19C. 
venous, 175-7 

during occlusion of bloo.l supply, 175 
ha-niorrhago on, 200 
in shock, 170 
measurcnicnt ot, 176 
111 animals, lo5 
on cajiillary pressure, 170-7 
on cardiac accelerator I'entre, 188 
oil depressor reflexes, 194 
on olticieney of heart, 170 
on vagus activ ity, 194 
records of, 105 

rise during exeieise, 190, l97 
stimulus ol vi'iitrrcle, 138 
vagus oil, 183 

provision ot, atter exeicisc or food, 193 

quantity of, 318-9 

reaction of, 347, 690-2 

relationship to lymph, 224 

return of to the heait, 177 

-serum, 352-5 

bactericidal action of, 374-6 
globulicidal power of, 376-0 
specitic gravity of, 847 
spectra, 309 et seq 
storage in sideeii, 210, 212 
substitutes, S72-S 
sugar, average quantity of, 929 
after carbohydrate meal, tt7 
and hunger, 748 
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Hlood. 

Ulood— oonttHMf J 

sizK.ir, description and estimation of, 514-17 
during starvation, 5;ii}-l 
post-piluitai 3 extract on, 874 
and sec Diabetes 
supply of ceiebral cortex, 650-1 
to C N S , importance of, 6b3 
to kidneys, 546-8 
to liver, 635 
to lungs, 288 

to sinu-aurieulai node, 138 
temperature of, on ii.ice-inaker, 179 
tests for, S73 
transfusion, 878-4 
Lransp irtof (30^ by, 256 it i,rq 
of Oj by, 253 et teij 
urea, average quantity, 929 
estimation of, 577 8 

rise of, with fall of liver amino -acids, 
522 3 

venous, C< D content, 149, 257 
coi puseb's ot, 350 
gas pressures in, 252 

liamioglobin and oxyluemoglubin of, 3uo-7 
lenal, 501 

venous return, 149, 175-7 
-vessels, absence of, in epidermis, 697 
aftei asphyxia, 288 
clianges in, 199 ct beq 
clieiineal control of, 190-8 
circulation in, 159-77 
contiaction of, 189 
control of, 1S3 et sei; 
disi-ased, calcium di'posits in, 583 
elasticity of, 160 

function of, in tood absorption, 475 
histology, 112-17 
in oxeicise, 196, 197-8 
inneivation of, 96, lOO 
iiivoluiit.iiy muscle of, 18 
iiiuscular, dilatation in exen ise, 191 
nutrition of, 156 
of bladder, 648 
o1 brain, 201-2 
of eyeball, 822 
of kidney, 546-8 
of lymph glands, 221 
of mammary glands, 422 
of letina, 843 
plethysmogiaphy, 190-2 
lecovery after damage, 200-1 
sensiui stimulation on, 182 
sympatiietic on, 103 

syinpathiii juoduced in coiistnction of, 84 
tonus in, 00 

vasomotor nerve supply, 190 ct !,eq 
velocity of nerve impulses to, 85 
volume of, 929 

maintenance of constant, 224 
relation to venous pressure, 176 
Hody-wmght, 896 (>, 530, 505, 582 
Bomb calorimeter, 383-4 
Bone, 917-27 

calcium, and fonnation of, 583, 685 

chemistry of, 925-0 

fluoi me of, 405 

histology of, 918 et seq 

in rickets, 408 

loss during starvation, 681 

magnesium of, 10 > 

-marrow. See Mai row 
nourishment of, 920 
phosphoius III formation, 585 
softening, in paiathyiuid turnouts, 5Sf 
veins of, without valves, 114 
and see Uickots 


Calcium 

Bowman, capsule of, 646 
glands of, 794 
/y-oxidation, 520-1 
Boyle-Mariotte’s law fot gases, 831 
Biaiii, anatomy of, 616-17 
aspliyxia of, 288 
circulation in, 201-3 
loreigii body in, ‘203 
III fatigue 91 
local au.eiina ot, 203 
loss during starvation, 631 
primitive (arch i pall mm), 668 
-stem, transverse sections of, 035 et seq. 

basal function of, 775 
sympathetic tibies limn, 18(1 
volume changes, 202 
Bread, 425 
on gastric luice, 158 
vitamins ot, 41 1 
“ BK'aking-point, 206, 272 
Bieath-souiuis, 236-7 

Breathing, bronchial and tiacheal sounds in, 
230-7 

forced, on acnl-base eiiuilibnum, 265 
vesicular, 236-7 

Breathlessness (dyspiKca) See Dyspnma 
Biitisli Thermal Unit, 38,! a 
Broca’s convolution, 779-80 

Bruilman’s .inaljsi.s ut cortical localis.itimi, 
709 ( t sell 
Bronchus, 229 
involuntaiy muscle of, IS 
sympathetic on, 103 
Bionchioles, 280-1 
Brown-.St'quard, syndioino of, 773 
Bruch, membrane of, 815 
Biuiso, bile-piginent of, 8o2 
Brunner, glands of, 431 
Bulb (medulla oblongata), 610 
development oi, 775 
foreign body in, 203 
importance ot, 034 
olfactory, 795 

liarasympathetiG fibres from, 99 
section of, on blood-pressure, 189 
stimulation ot, 181 
structure of, 031 et seq 
Bulbils aort.c of piimitivo lieait, 188 
Burdach, column of, 624, 627-8 
Buiuiiig, superhcial, death fiom, 175 
Butter, vitamins ot, 407, tl f 
Butyl alcohol, oxidation of, 304 
Butyrin of milk-fats, 420 


c. 

Cadavenne iii uiine, 576 
Callome, 427 
Caisson disease, 292-3 
Gajal, method of, 80 
moss fibres of, 646 
on synapse, 73 f 
Calciferol, vitamin D, 410 
Calcium, dotlcieucy, 400 
essential In body, 405, 683, 916 

ill involuntaiy muscle contraction, 155 
excretion of, 543, 583 
in absorption, 482 
in blood plasma, 355 
m coagulation of milk, 420 
in corpuscles, 355 
in healing of fractures, 927 
in intestinal digestion, 482 
in ossification, 92G-7 
in plasma, 365 
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Calcium. 

Calcium ~cow<MiuefZ 

in peifusiun fluids, 1.04, 155 

in rickets, 408, 9i7 

in saliva, 4 f7 

111 urine, 570, 571, 67‘2 

in ventricular libiillatiun, 142 

in whole blood, .‘1.5.5 

-10113 111 blood coagulation, 851 

metabolism and parathyroids, 584-5 

on capillaiKvs, 175 

on heart, 153 

rigor, 168 

value in food, 105-6 
Calcium-caibonate, in bile, 53U 
in saliva, 44o 
ni uiine, 570, 572 

Calcium caseinate, of milk cuid 4)7 
Calcium-oxalate, in sw.-a , 004 
in uiine, 670 

Calcium-phosphate, in bile, .530 
III fiece.s, 4S6 
in hydrolysis, 920 
in milk, 420 
in pancreatic juice, 463 
in saliva, 440 
in urine, 669 

Calcium iphosphoius ratio of bone formation, 927 
Caloiio, deliiution of, 383, 385 
Calories, daily reiiuiicmeiit, 388, 403 f, 910 
Calorimeter, Atw'ater-lienedict it'spiiation, 385- 
386 

Benedict dillereiilial, 3S6 
the bomb, 888-4 
Calonmotry , 888, 884 
Calyces of kidney, 646 
Camphor, on sweat secndioii, 603 
Canal (canals), alimentary, q v. 
central, of spinal cord, 620 
Haversian, 919 
of Petit, 8‘22 
of Schlemm, 817 
poilal, 686 

semioiuular, 686, 801 
function of, 689-91 
Catialiculi, of bone substance, 918 
of liver, 537 

Cancer, tundamental difhculty of, 915 
of stomach and hydrocliloiic acid, 472 
Cane-sugar. 8Ve fenciose 
Capillaries, bile, 637 
gloineiular, 550 
lymph, 217-8 
in jdcuiisy, 225 
Capillaries, blood-, 115-17 
acids on, 175 
circulation in, 174-6 
contractility, 116 
control of, 175 
definition of, 107 
ditlusioii of serum fat, 480 
dilatation of, 160 

by histamine, 174, 485 
in exorcise, 196 
dimensions of, 116 
function of, 107, 110 
microscopic observation of, 174 
of kidneys, 661 
of red muscle, 17 
on skin colour, 204 
oxygon on peimoability, 177 
peripheral resistance in, 160 
peimeability after adrenalectomy, 808 
and Vitamin ’i*, 412 

permeability of wall on lynij h-llow, 221-2 
pressuie in, 165, 166, 177, 884 
pulmonary, 282-8 


Cahhon Dioxidk 
CapiIIaiics, Liver, 537 

lesiMjiise to chcimcal constituents of blcod, 175 
vaiiatuin in norinal pressuie, 174 
Caproiti of milk fats, 4t0 
Capsule, Bowman’s, 546 
external, 650 
internal, 650-1, 7C9 

Caibamiiio emiijiound of hamioglobin, 259 
Carbohydrates, 297-803 
absorption of, 476-7 
and hungei, 402-3 
as fuel, 6 f 0-11 
lu exorcise, 289 
as piotein sparer, 531 
bacterial action on, in intestines, 484 
calorific value of, 619 
“ curient com ” of bodj , 300 
•ligestlou of, 609 
in balanced diet, 401 
111 dystrophia adiposo genitalis, 871 
m muscle lecoveiy, 51 
III slai vation, 530 
katabolism of, 508 
metabolism, 894, 111, 609-17 
function of livoi in, 538 
neivous eontiol of, 77 1 
pituitary on, 874 
lelation to pancreas, 51 1 et ’icq. 
of protoplasm, 2 
on blooil .sugai, 447 
on insulin secretion, 513 
on ketosis, 521 

on lespiratory quotient, 52, 288 
source of miisi ular energy, 52 
spe( ilic .ictioii of, 402 
utilised by resting nerve, 82 
Carbon, constituent of pioteins, 807 
heat produced m oxidation of, 884 
Caibon dioxide, accumulation of, on hoait-rate, 
187 

accumulation of, on sympathetic, 101 
administiation m CO poisoning, 294 
aheolar, 2S8-9, 240, 241 
and lesjuratoiy (quotient, 52 
.it breakmg-point, 271 
fall of, 241 
piessure of, 263-4 
and consciousness, 769 
and jil.ii enta, lO > 
and lefiex aics, 6)7.5 
aiteiial (constant), 258 
atmospheric, 288, 240 
carnage by blood, 453 
changes in blood curimseles, 258-9 
combimng powei ot the blood, 249 
excluingo in lungs, 2C0-2 
excretion by kidney, 260 
from gluc().se, 800 
in alveolar air, 238, 240 
in aiteiial blood, 149 
in asphyxia, 187, 283 
III ceiebio-spinal fluid, 664 
in exercise, 187 
111 expired air, 238, 240, 288 
in histnliiie decomposition, 818 
in inspired air, 288 
m lymph, 225 
in muscle activity, 196 
in nervous activity, 82, 83, 270 
in rigor mortis, 54 
111 venous blood, 149 
measurement of, in air samples, 243 
mobile, 258-9 

of bh,od, and ebloride, 582 
of blood-plasma, 353 
on capillaries, 175 
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(’arbon rlinxidi ' — confi u ued 
on ('ai)ill;u K's, in exorciHo, 196 
on (Miotid body, 201 
on ciliary niovomont, 10 
on coionary circulation, 201 
on dccoH'biato rigidity, G8J 
on glomus aorticum, 201 
on baimoglobin, 255 
on iiorvo iinpulso, 81 
on respiration, 264 
on spinal cord, 264 
on Hplocii, 210-11 
on vasoconstrictor centre, 1S9 
on vasomotor response, 199 
output, 929 

in muscular activity, 286 
piuducud by nietabidisni in nerve, S2 
rel.l1, ion to gluoijst' and jiyiuvic acid, 111 
specific stimulus of rosjiiration, 265 
tension in blood, fall of, 272 
in tissues, 261 

transport of, iii the blood, 256 et scq 
volume and jiressure in arteries, lungs, tissues, 
veins, 202 

Carbon monoxide poisoning, 293-4, 371-2 
Carbonates in urine, 609 
Carbonic anhydiase, 25S, 2’9, 261 
Carboxylia-moglobin, 293, 808, 371-2 
Carboxyl, tormatioii of, 297 
Cardiograph, construction of, 133-5 
Cardio-inhibitory rellexes, 151, 185-7 
Cardiometer mcUiod of measuiing outjmt of 
lieait, 147 

Carlson's man, 465-0 
(jainivoious i)lacenta. 901 
Caiotene, 407-10, IM imfc, 543 
Carotid body, 204 nctti 
action of blood on, 2()5 
C 0.2 on, 2i) I 

Carotid sinus, de])iessor impulses from, ISO 
dilator lellex fiom, 19 1 

nei\e imimlses to X asucoiisti ictor ceiitie, 189 
piessuro HI, 180 

lellexes lioiii on blood dejiuis, 21.3 
Cartilage, 918 cl scq 
ossilicatioii in, 925 

Casein from caseinogen, 810, 419, 529 
digestion of, 467 

Caseinogen, cleavage pioducts of, 319, 529 
of hamaii and cow’s milk, 421 
])lio.si)liorus of, 5.S5 
protein of milk, 310, 418, 419 
Castration, on giowth, 891-5 
on thymus, 8’75 

Cataly.sis, the nature of enzyme action, 343 
Catalysts, 887 

Catar.ict, and iibo-llavin, (12 
Cell (cells), acidophil, oveigiowth in gigaiiti.sm s7l 
animal, 1-8 
anterior horn, 620 
.attraction sphere of, 3 
basophilo of blood, 868, 365 
Betz (giant jjyramid), 657, 709, 711, 768, 775 
bile .secietmg, ,541 
bipolar olfactory, 795 
contiiole of, S 
ciliated, 8 

Clarke’s column of, 621 
columnar, intestinal, 479 
cormlied, of vagina, 896 
cytoplasm of, 2-3 
Belters’, of organ of Coiti, 804 
division of, 3 
during narcosis, 760-1 
during starvation, 630 
encasing, of tongue, 791 


Ckntral NKUVOira Systkm. 

Cells — conftn'ucd 

j endothelial, of capillaries, 116 

I of sinusoids, 116 

of veins, 116 
of wall of artery, 113 
] epithelial, of spinal cord, 78 

I ol intestine, 478 

' latof, 519 

. lu.siform, 19, 791 

I ganglion-, of retina, 818 

! giant (megakaryocytes) of marrow and sple 

364 

giant (myeloplaxes) ot red niariuw, 918 
gl.ind-function of, 483 
goblet, mucin of, 810 
growth ot, 915 
thyioid on, 392-3 
gustatory, 791 
liaii-, of organ of Corti, 804 
liepatic, 535-0 

iiiterrnedio-lateTal, of grey matter, 621 
interstitial, of te.sti.s, 884 
intestinal, vital action of, 477, 482 
layois of cerebral cortex, functions of, 055-S 
mairow-, 918 
Mmkel, 72 1 

middle column, of grey matter of cord, 621 
mitral, of olfactoiy bulb, 795 
tuonoiiucloar, ot blood and spleen, 861 
mucoid, 449 
I mucosal, 480 

I iiiultipulai, of grey matter, 620 

I of spinal cord, 69 
I iicive- .S’cc Nei ve cell 

I neuroleimu.il, changes and functions of, 80 

noirnal activity of, 581 
I nucleus ot, 3 

[ nurse, of te.stis, 8S3-4 

ot decidua basalis, 905 0 
! (4 parathyroids, 583-4 

of posterior horn, 621 
I olfactorial, 794 

osteocla.stic, 58 I 
oxyntic, 447, 460-1, 463 
permeability of, 332 
I pigment-, adrenaline on, 866 

'< of retina, 821 

1 pituitary on, 87 1 

I pl.isiuatic membiaue, 836 

I pyramid.il, of coitex, 656 

I Burkinje's, 644-5 

j relation to environment, 7-8 

j reproductive (gametes), 910 

; reticulo-endothelial, 213, 861-2 

1 llougct, function ol, Il6 

secreting, of pancreas, 461 
of sweat-glands, G03 
yeitoli’s, 883 
size of, 2 

solitary, of Meyuort, 716 
stained by pyrrol blue, 905-G 
stellate, of Kupfler, 361, 362, 637 
tissue, nutution of, 217 
vital action of, 831-2 
Cellulose, 299, 302, 803 
digestion by herbivora, 484, -199 
digestion of, 481 
in fa'ces, 486-7 

Cement (crusta petrosa) of teeth, 490 
Ci'iitral nervous system, 615-17 
alferent paths, 748 
“ analysers ” on sensation, 784 
definition of, 65-6 
I degeneration in, 80 

I ellereiit paths, '769 

I fatigue in, 91 
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CeNTRAI; NERNORS SnSI'E'M. 

0('iitr;il nervous continued 

in hyfierthyroidism, 8‘Jl 
mvoatigation of traots of, b‘21 et scq. 
lack of vifcamina and, 41 1 
motor path, 67 
myelination of fibres, 658-60 
nutrition of, 155, C63-5 
of vertebrates, 65 
olfactory tiact, 796 
pyramidal tracts, 767-8 
reflex arc, 67-8 
senaoiy pathways, 741-9 
summary of functions, 775 6 
veins of, 114 
Contriole of cell, 2, 3 
Ceiihalin, 351 
Cerebellum, 616 
and thalamus, 7 f 1 
co-ordination m, 716 
CO ordination with ceiebium, 693 
delinitioii of (Fulton's), 092 
devclopmeiit of, 775 
disease of, 692 3 

external and internal layoia, 644 
functions of, 692-1 
localisation of function, 693 
mam connoctiona of, 646 
jiedunclea of, 645 
lecoveiy tioni lesions, 093- f 
relation with cerobiuin, 691 
removal of, 698 
structure of, 648-6 
Cercbrosidi s, 307 
Cerebro-apinal fluid, 0G3-5 
Cerebrum, 616 

association fibies in, 648, 717-18 
auditory area, 713, 716-17 
calcarine (stnati*) area, 715 
convolutions of, 051-4 
i-o-oidination with (erebcllum 093 
coitex, 650 

ablation and stiychninization of 7l3 
electrical stiiuulal ion of, 713 1 1 
fibres id, (>57 
histology of, C55-S 
importance of, 70'9 
on rigidity of animal, 683 
removal of, 454, 775 
stimulation of, on heait lale, ISI 
cuitical letiiia, 71 1 
ciura (peduncles) of, 610 
develoiirneiit of, 77b 

embryology of, in relation to function, OfiS-fO 
extirp.itioii of motor and sensory aieas, 71 1, 713 
Fleclisig’s mjelogenotic coitical fields, 660 
functions of, 705-18 
hemispheies, 619 

localisation of functions of, 708-18 
motor areas, 708, 709-12 
jiariotal (tactile) area, 713-11 
parietal association area, 718 
perforated spots, 650-1 
premotor area, 710-11, 712 
lelation with cerebellum, 694 
removal of, 705-8 
sensory areas, 70S, 718 et seq. 
silent areas, 717-18 
structure of, 649-60 
tactile (parietal) aiea, 713-14 
visual area, 713, 714-16 
visuo-psychic region, 716 
visuo-sensory cortex, 716 
white matter of, 664-5 
word centres, 779 
Cheese, 414, 419 

Chemical composition of the body, 297, 321 


Cuyi-e. 

Chest, vital capacity of, 238-9 
Cheyne-Btokes’ respiration, 272 
Child, the now-born, 881 ct seej. 

Child, body weight and basal metaboliMii 395 
food 1 e(iui remen t,s, 896 
protein rociuirements, 401 
Chloiide, absoiption In tubules, 552 

in blood-plasma, coiiiuseles, and wliole blood, 
355 

111 venous blood cells. 356 
Chloride shift, definition, 259 
Clilorides in cerebro-spinal fluid, 664 
of gastric juice, 452, 453 
of lymph, 225 
<‘1 mine, 552, 6b8 
Cliloiine, in uiine, 500 
on lospiration, 268 
(’hlorocriionn, 866 note 
Chloiofotm, on caidiac mechanism, 188 
on cholosteiol, 806 
on cxciseii heart, 165 
on fats, 804 
on pupil, 837 
on ie({ blood cells, 3SU 
on sensation, 787 
oil symjiathetic, 188 
use of, 111 midwifery, 188 
Chlorozol fast jnnk, 351 
( holeejstokinin, 542 
Cholesterol, 306, 540 
absorption of, 481 
bile a solvent of, 543 
evcietion of, 543 
extiactioli of, 306 
in bile, 539, 541, 542 
111 blood-plasma, 855 
111 f.i'ces, 486 
in grey niattei, 79 
in metabolism of fats, 5l8 
in milk, 419 
III led coipuseles, 3b6 
Ml spleen, 212-13 
protective agent, 878 
Choletolin, 573 

Clndine, derivative of etlijl aleohul, 83 
esteiase of, on aeetyl-chuline, 83-4 
from h'cithin, 518 
HI nerve tissues, 83 
in synapse, 82 
uflipiiis, 307 
' on hoait-rate, 188 

\ on jiaiasympathetic, 104 

I vasudilal mg propeities, 83 

! Chondiin, 916 
1 Chondro-mucoid, Sll 
I Chorda tympani, 443 
' parasyinp.ithetic fibios of, 99 

1 parasympathetic to subniaxillaiy, 143-4 

section of, 444 
stimulation of, 73 1 
vasodilator nerve, 193 
Chordie tendmeic, 110 
function of, 129 
Chorion, 902 et seq. 

Choroid, 814, 816 

Chromapliil tissue of adrenals, 863 
Chiomatin of polymoiphoiiuclears, 303 
(nuclein) of coll nucleus, 8, 311 
Chromatolysis, 69 
Cliromidrosis, o0 4 
Chromo-proteins, 310 
Cliiomosomes, of reproduction, 910 
the sex, 8‘94 

Chtonaxie, definition, 27 
of involuntary muscle, 60 
Chyle, dehmtion, 217, 479 
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CHi 1-K 

Cliylc, fluw, 228-4 
CliyloimcrDiia, 47t> 

Cliymo, bilo on, 548 
Cicatiicul.v of egg, KOI 
Cilia, 8-9 

airaiigomeiit of, 8 
function of, 9 
movements of, 8 
Ciliaiy muscle, 18, 100, 815 
Ciliaiy processes, 815 
Circle of Willis, 201 
Ciicnlation of the blood, 121-4 
acetyl-cboline in, 83 
adrenaline on, 804 
autonomic contiol of, 95 
capillary, 174-5 
ceiebral, 202-3 

changes during asidiyxia, 283 
in new-born child, 881 
circulatory system, 107-17 
collateial, 117 
control ot, 179-20(3, 775 
coronary, 152, 155, 201 
course of, 110-12 
crossed, experiments on, 20 1 
ethciency of, 205-() 
exercise on, ]9o-8 
Imtal, 90()-8 
function of, 1 
gravity on, 199-200 
hieinorrliagi' on, 200 1 
in anuxiemia, ObS 
in a,s])hyxia, 288 
in blood-vessels, 159-77 
in erectile stiuctuies, 203-1 
maintenance ol volume 195 
on tatigiie of muscle, 91 
pituitaiy on, 871-2 
portal, 111 
posture on, 20(5 
principles of, 122-4 
pulmonaiy (lessei), 111 
m res[)iiation, 280 
rate of, in evorcise, 195 
lenal, 111 

restoration of, in C N B., 0()3 
systemic (greater). 111 
time of cornjilete, 173 
venous return, 175-7 

impaned, drojisy In, 222 

“Circus movements” (tUiUer and libnllation), 
140-1 

Citiate, on blood clotting, 850 
Citrulllne, 524-5 
Clarke’s column of colls, 621 
Clasmatocytes of connective tissue, 361 
Claustrurn of Island of Reil, 657 
Cleavage products, delimtion, 808 
Clot, blood-, forinatton of, 349 
in Inemorrhage, 201 
prevention of, 163 
Clot, lymph-, 225 
Coagulation, by enzymes, 840 
definition of boat and enzyme, 813 
of blood, 849 d serj. 
of milk, 419-20 
Coagulum, formation of, 814 
Cobra venom, on red coiimscl**8, 806 
Cocaine, 427 
on carotid sinus, 193 
on cutaneous sensibility, 787 
on intestinal movements, 498 
on mictuiition, 556 
on taste, 798 
Cochlea, 801 et seg. 
of the labyrinth, 686 


CORNEO-SCOKRAL JUNCTION. 

Coil liver oil, 414 

Coeflicieiit of oxidation, definition and im'asure- 
ment, 285-6 
of solubility, 247 
Co-oiizymes, 840 
Colinheim, areas of, 16 
Coitus, 900 

Cold, on involuntary mu.scle, 60 
on kidney function, 550, .552 
on nerve cnnductiun, 81 
on letlex eonsti ictioii of vessels, 350 
on skin colour, 204 
jiroteetion by adrenaline, 867 
sense nf, lost in !iemis(>ction of cord, 773 
sympathetic adaptations to expo.su le, 85 
“ Cold spots,” 723-6 
Collagen, 309 
effect of cooking on, 42() 
undigested by tryp.siii, 468 
Colloid, 812, 827, 337 
and intestinal mueo.sa, 481 
and plai-enla, 905 
assimilated by macrophages, 362 
difiusion of, 327 
“ salting out ” of, 318-14 
solutions, 337 

Colon, descending, innervation of, 102 
emotion on vessels of, 193 
exaggerated tonus in, 60 
spasm of, 503 4 
Colostrum, 418 rt beq 
Colour mixture, binocular, 852 
yellow, and Vit.imin A, 107 
Colours, complementary, 847 
Common jiath, princijile of, 695-7 
Compensatory pause, 140 
Complement, 877 
Concha (ear), 799 
Concussion, 767 
Condiments, 426 
Conduction with decrement, Si 
Conductivity, eflect of stimulation, 83 
Cone (cones) of letina, constiuction of, 819-20 
fibre, 820 
function of, 839 
granule, 820 
movement of, 889 
Com vasculosi, 882 
Conjunctiva, 813 

Conscious states, physiology of, 753-63 
ConsciousnesB, fooling, 705 
loss of, 756-9 
modes ot, 764 

Consonants, production and classification of, 7tb 
Constipation, section ol synijiathetic on, 601 
“ Contraction without metals,” 44, 49-50 
Contracture, 87, 89 
Convorgoiice, principle of, 695-7 
Convolutions (gyn) of cerebrum, 651-4, ()37 
Convulsions, in asphyxia, 281 
I»ost-ana'sthotic, 683 
Cooking, importance ot, 402, 425-6 
Copper, of liver, kidney, heart, 405 
excretion of, 513 
on blood foimatiun, 360 
on iron metabolism, 405 
Copulation, pituitary body during, 872 
Cords, vocal, 782 et seg. 
false, 782, 783 
movements of, 782 tt •^rg 
Conum, of alimentary canal, 480 
of nasal cavity, 793 
Cornea, function of, 814, 824 
index of reft action of, 824 
sensation of pain, 784 
Coriieo-scloral junction, 817 
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Corpora Cavernosa (of Penis) 

Curi)ora cavernosa of penia, 884 
Corpora quadiigomina, C40 
CoriRia Arantii, 110 
Corpus callosum, 049 
funct/iou of, 700 

Cor])us dentatum of cerebellum, 043 
Corpus Higbmorianum, 883 
Corpus lutoum, 888-90 
lunction ot, 897-8 
pituitary on, 899 
testosterone on, 897 
Corpus spongiosum ot iienis, 884 
Corjms striatum, 050, 709, 711 
removal of, Oil 
Coipuscles, blood, 847, 865-08 

activity of, in transport of C2 and CO^, *255-7 
carbonic anbydiase of, 259 , 201 
dillerential count, 858 
histones of, 808 

impermeability to glucose, 832 
III urine, 573 4 

of embryo, amoeboid movement of, 332 
bone-, 920 {diag.) 
colostrum, 419, 422 
colourless, amoeboid movements of, 8 
formation by spleen, 212 
ooncontnc, ofilassall, 875 
lymph-, 220 

Malpighian. See Olumeiulus 
Meissner’s (touch), 722, 742 

of Ilufliiii and Culgi-Maz/oni, 721, 720-7 
Pacinian, 731, 733 
for touch sensations, 742 
red, 355-(32, 300-8 
behaviour 111 caiullanes, 174 
break-down of, SOI 
carbonic anhj diase of, 258 
chomistiy of, 80O-8 
cholesterol of, 30o 
crenation of, 850 
destruction of, by spleen, 212-3 
enumeiatioii of, S'lO-S 
fate of, 860-1 

formation of, during severe baunorrbago, 200 
by spleen in young animals, 212 
111 bone-marrow, 200 
fiagility of, 356 
biemoglobin of, 253 
luemolysis of, 37!» 

increased athmty for 0.> at high altitudes, 
291-2 

maturation of, 457 
niembiane of, 259 
number ol, 866 7, 929 
of Minoiiii lilood, 350 
origin of, 859-00 
resistance to pol.sons, 800 
tiaiisport of CU.j, 257 
salivary, 445-0 
tactile, 698 
white, 862-6 
chemistry of, 365 
enumeration of, 858 
glycogen of, 803 
number of, 802, 929 
origin of, 804-5 
Coitex, calcaiine, (>57 
occipital, 057 

Cortex of suprarenal, 808, 875 
development of, 800 
Cortex of tliymns gland, 875 
Corti, organ ot, 803 
rods of, 803 

Cotyledons of decidua basalis, 901 
Cough, description of, 272-8 
Co zym.iae, 411 


DKiuLirv. 

Crab, nerve of, 82, 83 
Creatine, 318 
and parathyroid, 585 
1‘xcretion of, 552 

extractive of muscle tissue, 55, 5o 1 
in urine, 664, 565 
of blood-plasma, 865 

-phos])hate, breakdown and rosynthesis, 566 
Creatinine, absent from muscle, 605 
extractive of muscle tissue, 55 
111 tissue breakdown, 628, 5()5 
in urine, 550, 561 , 665 
of blood, 560, 929 
of blood-plasma, 366 
of cerebro-spiiial Hmd, 664 
ot endogenous metabolism, 623 
of protein metabolism, 885 
Crescents (dernilunar) of Gianuzzi, 442 
Cretinism, 390 
Crista acustica, 687 
Clou]) (laryngismus stridulus), 278 
Crus, section through, 640 
Crusta (pes) ot bulb, 640 
Crusta petrosa (teeth), 490 
Crypts of Lioberkuhn (largo intestine), 431 
Ciystallin, of crystalline lens, 809 
Crystalloids, 812, 827 
and intestinal mucosa, 481 
osmotic pressure of, 883 
Cupula of semicircular canals, 687 
Curari, on muscle, 27, 91 
on limb capillaiies, 222 
(7urd, of milk, 419-20 

Current, electrical, direct and induced, 24 sqq 
constant, on neive conduction, 81 
Faraday’s extra, 25 
of action, in muscle, 46-8 
ill nerve, 81, 82 
of injury (muscle), 47 
Cuticle (epidermis), 597 
Cuticle of scales (hair), 598 
on caiboiiic aiihjdr.ise, 258 
C\ .nudes, on kidney function, 550, 552 
Cystine, 818, 529, 586 
ingested, 523 
in sweat, 604 
in urine, 570-1, 575 
on growth, 529 

percentage 111 cleavage products of a arums 
proteins, 319-20 

source of bulpli.ites m unne, 5o8 
Cystiimna, 571 
C> tochiomes, 287 
Cytoplasm of cells, 2 

Cytosine, decomposition product of nucleic .\cid, 
311 

tiophobl.ist, 905 

D. 

Dale and Evans’ method (reaction of blood), 691-2 
Daiuell cell, 47 
“ Dead space," 238 
Deafness of boiloi makers, 809 
incomplete from deslmction of temporal lobes, 
717 

Deaminases, 840 

Deamination of ainino-acids, 623 et seq 
Death, 928-9 

fiom excessive sweating, 582 
from failure of blood supply to C N.W. , 663 
tiom lack nl vitamin 111, 411 
liom supeillcial burning, 176 
111 chloroform aiimsthesia, 188 
in starvation, 680 
Debility, post-inlluenzal, 200 
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DBrKRKJmA’iE Animal. 

Decorebrato animal, 681-2 
rigidity, OSl, 70S 

Dooidua and fretal inembranoa, 901 et seq , 900 
DtiCidu.i b.iaalis, 1)05 
DefcPcation, 4911-501 
Dehcioncy discascti, 407 
Degeneration, fatty, 519 
Degeneration of noivo, 77-8, 79, 88-9 
complete, 88 
in mixed nerve, 194 
in tracts of C N 8 , 622 
of boutoiib (pied.s teiminaux), 74 
reaction of, 88-9 
Wallonan, 77 

Deglutition, 272, 491-3, 775 
centie, 084 
Deiter.s, cells of, 804 
nucleus, 637, 082, 6S9 
Demi'iitia, coiebral cortex in, 057-8 
Demilunes (descents) of Oianuyzi, 442 
Donaturation, of a piotoin, 314 
Dendron, 08, 09 
Dental c aries, 40S 
Dentine, 489 
Deoleolecitbin, 379 

Dermatitis, and vitamin 13 2 complex, 411*12 
Dermis, 597 
De.sensit]sation, 879 
Deutero-albumose, 315 
Dextrin, 299, 802 
contrasted with glycogen, 803 
in digestion of starch, 440 
on gastiic secretion, 454 
Dextiose See Glucose 

Dextrose . Nitrogen latio (the D . N ratio), 517 
Diabetes imsipidus, 55 1 
and b.vpotlialamiis, 771 
and pituitnn, 878 
urine in, 560 
Diabetes mellitus, 510-17 
alveolar CO_. in, 241 
and pituitary, 874 
blood fat in, 518 
glucose in, 800 
hunger in 748 
loss of coii.sciou.sness in, 768 
on fat metabolism, 618 
on jiolyrnorphonuclear leucocytes, 363 
permeability ot corpuscles to glucose in, 832 
urine of, 800, 660, 564, 572 
Diacetin, 305 
Dialysis, detlmtion, 828 
of globulins, 809 
of proteins, 812 
Diammuna, 675 

Diapliragni, electrical vanations in, B7 note 
innervation of, 234 
movements in respiration, 234-6 
Diastase, 339 

malt, on starch, 801 
Diairlnea, water loss in, 225, 582 
result of magnesium-l^ree diet, 400 
Dia.stole, 127-8 
heart-sound in, 182-3 
isometric relaxation, 180 
rapid phase, 180 
slow phase, 130 

ventiicular and auricular, 130-1 
Diastolic pressure, height of, 165, 167-9 
measurement of, 167 
volume, and heait-iate, 149 
Diazo ]iink colour reaction, 411 
Diet, 899-410 

and urinary infections, 560 

balance of, 404-5 

British system of rations, 404 


Druus 

Diet- continued 
fat Iree, 480 7 
for brain-A\oikcr8, 404 
in relation to growth, 528-9, 910 
meat in a, 402 8 
minimum bulk, 899 
on creatinine, 505 
on peristalsis, 494 
on pll of body Huids, 59 4 
on urine, 559 
protein, 528 9 
quality, 899 
vegetarian, 403 
vitamins, 406-1 4 
water re<iuiremdit, 406 
Dietaries, olHcial, 415-16 
Diflusion, 327, 481-2 
in intestine, 475 
in nourishment of fietus, 908 
in tissue respiration, 284 
Digestion, bacterial action in, 484-6 
(, N.S. and, 775 
detimtion, 429 
general aspects, 469 
in intestines, 461-9 
in .stomach, 449-68 
juices of, investigations, 471-2 
mechanical proci'sscs of, 489-98 
on blood clotting, 819-50 
on white blood-corpuscles, 862 
production of dilTusiblo substances, 476 
salivary, in stomach, 447 
sham feeding, 453 
Digestive system, function of, 1 
Dilator pupillop, 816 

Dilemma, for measurement of reaction time, 771 
D.ii'stms, SLiO 

Dioxy-purine. See Xanthine 
Pipeptides, 820 
Diphasic variation, 48 

Diploe, cancellous structure of Hat bones, 9l8 
Disaccharases, 889 
Disacchandes, 299 
absorption of, 476 
excretion by kidney, 477 
injection into blood, 477 
Discus proligerus of oocyte, 887-8 
Disease, on kidney, 558 
Dissociation, electrolytic, 825 
functional, 757 

Dissociation, curves, O.j and CO;), 254-7, 25S 
of pregnant ammal, lo-tus, and noii-piogn.iut 
.luimal, 908 

of substance.s in solution, 325 et srti. 

Diuie.sis, and exoicise, 651 
and pituitary, 878 
exercise on, 554 

D'N (Dextrose : Nitrogen) ratio, 517 
Dobie, line of (Krause’s membrane), 16-16 
Douglas bag, 241-2, 887 

Douglas method for measuring gas pres.sures m 
venous blood, 242 
Dropsy, Fischer’s theory of, 228 
capillary walls and capillary pres.sure in, 222 
cauaes of, 177, 834 
oxygen, want in, 222 
Drowning, 768 

Drugs, absorption fiom rectum, 483 
excretion in bile, 618 
on autonomic nervous system, 95, 104-5 
on blood-vessels, 192 
on coiisclousnebs, 768 
on excLsed heart, 154 
on heart, 167- 8 
on peristalsis, 494 
on salivary secretion, 444 
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Diuias 

Drugs continued 
on sensation, 737 
on sweat secretion, 003 
pei fusion experiments with, 192 
standaidisation ot, 09 
Du Bois Reymond induction coil, 25-0 
Duct (ducts), Bellini's, 640 
bile, 479 
cystic, 536 
hepatic, 536 
lactiferous, 421 
of fundus glands, 449 
of glands, involuntaiy muscle of, 18 
of testis (vasa efleientia), 882 
])ancroatu‘, 479 

thoracic, lecovciy of fat fiom, 481 
Wharton’s, 448 

Ductus arteiiosus (fcetal circulation\ 907 
Ductus venosus (Octal circulation), 90i> 

Dudgeon’s sphygmogiaph, 169 
Duodiuium, absorption ot fat, 479 
Dupre's apparatus, foi blood-gas estimations 249 
for urea estimations, 678 
Dura mater. 615 
Dyes, anticoagulant, 851 
Dyspncea (breathlessness), 150, 290 et 
in asphyxia, 281 

Dystiophia adiposo-gonitalis, 871 


E. 

Ear, anatomy of, 799-805 
Kbiioi, glands of, 789 
Eck fistula, 625 
Ectoderm, 810 
Edestin, 819 

Edridge-Green lantern (colour-blindness), 860 
Egg, as food, 423, 529 
jdiosplioius ot, 686 
iibo-tlavni of, 412 
Egg-.albumin, 809 
cleavage products of, 81 9 
crystallisation of, 312 
Egg-globiiliii, 809 

Egg-yolk, production of cholecystokmin, 642 
vitamin A and 1) in, 407, tl4 
Ego, tlie, 755 

Ehrlich’s side-cbain theory, 876 
Emthovon's string galvanometer, 45 
Ejection phase in ventiicular systole, 130 
Elasticity of muscle, 40 
El.astin, 310 

digestion by tryiisiii, 463 
Elastose, 815 
Electric fish, 49 

Electricity, on amoeboid movement, 10 
on nerve and muscle, 24-6 
Electro-cardiogram, 142-4 
Electro-rnagnetisni, discovery of, 44-5 
Electrodes, noii-polansable, 46-7 
Electrolytes, definition, 826 
Electrolytic dissociation, 826 
Electrometer, Lippmann’s capillary, 45-6 
Eleidm, 597 

Emaciation, and hypothalamus, 774 
Embolism, on respiration, 269 
Embryo, blood-corpuscles of, 359-60 
brain of, 652-8 

development of neural crest, 103 
drugs on heart of, 188 
glycogen of tissues of, 808 
movements of, from Fallopian tube to uterus, 
902 

nerve-cells from spinal ganglion, 670 
nucleated corpuscles of 859 


Enzymts 

Embryo— crmtiiitird 
vascular aica, 359 
vital staining, ' 06 

Embryological method of investigating tracts of 
C.N 8., 621-2 
Emhiyotiophe, 905 
Emetics, 497 
Emmctropia, 830-1 
Emotion, on circulation, 198 
on gastric secretion, 455-G 
on intestinal movements, 498, 604 
on saliva, 445 
on vascular system, 198 
syiniiathctic adaidatioiis to, 102 
Eniulsillcation, 479, 482 
of fats, 305, 479, 480 
of lipius in water, .307 
Enamel, of teeth, 490 
End plates, 723 
Eiidocaidiac pressure, 129 
Endocardium, 109 
Endocrine oigans, 861-76 
Endolyinjih, 801, 803 
of semicircular canals, 68^' 

Endoneurmm, dehnition, 71 

Einlothelmrn, of capillaries of bone-marrow and 
suprarenals, 361 
of livtu capillaiies, 537 
of lymph and splenic sinuses, 361 
ot walls of veins, 116 
J'lnemata, nutiierit, 483 
Energy, conservation of, 394-6 
in muscle contraction, 50-1 
nature ot, 883 
not expended in tonus, 61 
lelalion to piotcin, 402 
Enteric neivous system, 96, 102 
Enterokinaso, 466, 407 
Environment, intninal, 681-5 
Enzyme (enzymes), 887-43 
action of, 834-5 
characteristics of, 840 et seq 
in autolysis, 3t0 
in blood coagulation, 852 
in t.it metabolism, 521 
in ossification, 926-7 
in post-mortem autolysis, 51 
isotheimic, 312 
logaiithnnc law of, 341 
nature of, 341, 843 
optimum temperature for, 341 
rmersibility of, 842 
specificity of, 340-1 
and calcium, 6.S3 
caibnnio anhjdi.xse, 258-9 
classification, 339 et seq 
coagulation, 313 
fiom intestinal bacteri.x, 484 
functions of, as catalysts, 287 
histannnase, 17.6 
in oxidation, 287 
inexhaustibility of, 841 
“ inversion” hydrolysis by, 300 
lipolytic, 889 

of p.increas, nervous control of forni.'itiou of, 
41)5-6 

of jiancreatic juice, 462-4, 466 
on starch, 801 

of salivary glands (ptyalin), 442 
on starch, 801 

of stomach of sucking animals (icnnet), 419 

ot succus entericus, 466 et seq. 

reaction velocity of, 835 

specificity of action, 840-41 

Warburg’s resjjiratory, 287 

Warburg’s yellow oxidation, 412 
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EinCAKDIUM 

Kpioar<lium, 107 
Epidermis (ftitu'le)j 597 
keiatni of, 810 
Epi<lulymis, 883 
EiiiKlottis, 782 
Epilepsy, 712 

in lesions o1 auditory aioa, 717 
Epiiieurium, definition, 71 
Epiphysis, 925 

Epithelium, ciliated, of bronchi, 231 
function in intestinal digestion, 480 
of alimeniaiy canal, 430 
of naial cavity, 793 
of Sylvian a<iuoduct, 638 
of tiaeliea, 230 
of uterus, 890 

columnar, fat absorption in, 479 
of alimentary canal, 430 
of bile-duct, 537 
of conjunctiva, 813 
of urethra, 548 

cubical, of cryatallino lens, 817 
of tubules of testis, 884 
Kerminal, of ovary, 880 
of capsule of Bowman, 546 
of kidney, 54(5 
of semicircular canals, 687 
pa\ement, of lung tissue, 232 
polyj^onal, of bile-duct, 537 
stratified, of alimeutary canal, 430 
of cornea, 813 
of lingual papilla*, 789-90 
ol urethra and urinary bladder, 548 
ol uterus and vagina, 890 
tiansitional, of ureters and urethra, 548 
visual uerve- (rods a -id cones), 819 
EiiUilibnum and postme, receptors and reflexes 
concerned, G84 seq 
and cerebellum, 092, (593 
maintenance of, 683-4 
Election, nature of, 203- i 
Eroiisin, enzyme of intestinal jiuce, 339 
of suceus entuncus, 408 
Ergograph, Mosso's, 91-2 
lOrgurneter, bicycle, 242 
Ergosterol, 806-7, 408, 543 
and production of vitamin 1), 410 
Ergotamine, and adienaline, 8(54 
111 hyperglyciemia, 516-17 
on heart-rate, IS-i 
on symiiathetic, 104 
on thud ventricle, 774 
Ergotoxiiio, and adrenaline, S04 
on heart-rate, 188 
on insulin secretion, 513 
on pituitary, 872-3 
oil salivaiy secretion, 444 
on sym[)athetic, 104, 181 
Krythroblasts of red marrow, 359, 361, 925 
Eiythro-dextiin, 302 
in digestion of starch, 446 
Eseiine (pliyso.stigrnine), 84 
Esterase, in fat metabolism, 621 
of choline, 83-4 
of ossification, 926-7 
Esters, docomposition of, 335-6 
Ethej, on fats, 804 
iigidity on K-coveiy fiom, 683 
on pupil, 837 
on red blood colls, 880 
Ethyl alcoliol, formula, 297 
flee, 83 

formation from glucose, 800 I 

oxidation of, 304 J 

Ethyl mercaptan from cystine, 568 ] 

Eucoitone, 480 | 


ExKncisK 

Euglobnlin, precipitability of, 354 
Eustachian tnbo, 799, 806 
Eustachian vahe, 109 
of f.etal circulation, 9C0 
Evolution of mammaiy glands, 422-8 
Ewahl’s Method, investigation of gastric secretion, 
452 

Excitability (irritability) of tissues, 23-7 
definition, 23 

dimimshed in cut nerve, 77 

111 degeneration of nerve, 77 

ill byperthyioidism, 391 

of involuntary muscle, 59-00 

of vaso coiistiictor and vaso-dilator fibies, 194 

inoasarernent of, 26-7 

stimulation on, 83 

Excitation wave, course of, in heart, 136-8, 143 
Excretion, definition, 483 
by kidneys, 552-3 
during rest ami exercise, 508-9, 51 1 
of fo'tal waste products, 905 
jMiwer of, possessed by all living organisms, 7 
ExcretU)n(s), 433 
by large intestine, 483-4 
in health, 608-9 

Excretory system, function of, I 
Exercise, acid-base e<iuilibriuiii dining, 289 
acidiomia, 592 
a<Ironaline, 103 
ammonia, 593 

and control of blood depots, 213 
auiiciilai pn ssuie in, ISl, 182 
carbohydrates used, 289 
CXio 111, 187 

(20 j 111 severe muscular, 260 
cardiac, changes, 197-8 
central eflects, 198 
diastolic volume dining, 149 
dilatation of muscle vessels, 194 
fat used in, 289, 519 
heart’s output, 148 
higher conires, 198 

intramuscular and cainllary piessiiro of O.., 
284 

lactic acid in severe muscular, 52, 261 

M.ney’s law, 186 

oil alkali of blood, 261 

on blood juessuie, 194, 19(5 7 

on capillaries, 196 

on circulation, 196-8 

on coronary ciiculatioii, 201 

on COo content of blood, 290 

on cieatinlne, 565, 5( 6 

on diastolic bloo<l piessure, 19(5 

on dilator ri'tlexes, 194 

on diuresis, 554 

on excretions, 508-9, 611 

on heart-rate, 197-8 

on Ilermg-lJteuer reflex, 208 

on hyperglycu-mia, 516-17 

on insulin secretion, 513 

on intestinal activity, 501 

on respiratory centre. 265 

on respiratory quotient, 52, 289 

on spleen, 211 

on stomach movement, 495-6 
on systolic blood pressure, 190 
on temperature, 52-8, 198, 607 
on tissue Oo and COo, 262 
on total ventilation, *239, 270 
on urine, 62 

on vagus restiaint, 186-7 
on venous pressure, 187, 194, 197 
on white blood-cor[iiiscle.s, S62 
“ oxygen debt, 52, 288-9 
oxygen- want ir, 187 



INDEX 


949 


ExKRC’IHK 

Exercis « — continued 

provision of blood for musclos, 192 
recovery period, 289 

reinforceinont of synijiiitlietic liuiing, 103 
respiration increasfxl, 205-8 
“ second wind," 29 1 
severe, adrenalmo in, 198 
and lactic acid, 52, 200 
stillness after, 222-3 

sympathetic and parasympathetic activity, 102, 
181, 182 

theory of secretion of epithelium of imlmonarj 
alveoli during violent, 260-1 
urea, 593 

vascular changes, general and local, 196-7 
Exhaustion in exces^ne s.iltloss, 5'2 
Expiiatioii, 233-4, 235 

forced, on circulation (Valsalva’s expeiiinent) 
281 

movements of, 234, 2B5 
on vagus impulse, 267 
Mxinratoiy centie, 2o2-8, 267 
Exjined air, <‘omjiosition of, 240 
collection of, 241-8 
Extractives of blood-plasma, 356 
Eye, the, and vision, 813 et eeq 
accommodation, 827-31 
adaptation, 840 
an optical instrument, 822-7 
coiebellar disease on, 093 
delects in, 830 et seq 
emmetropic (noimal), 831 
examination of, 843-4 

functions of, in postuie and (‘qiulibiium, 685 
index of retraction, 824 
light reflex, 854 
rnotoi arena foi, 711 

movements, co-ordination of, in ecrcbellurn 
645 

compensating, 694 
in response to sound, 805 
optical axis, 824-5 
photo-cliioinatic inteival, 840 
reduced schematic, 824 
refraction m, 823 
visual axis of, 824-5 
Eyeball, anatomy of, 814-22 
blood-vessels of, 822 
innervation of, 100 
Eyelashes, 813 
Eyelids, 813 

F. 

FaiCes, 872, 481, 483, 485-7, 585 
Fainting, 176, 202, 063 
Falloinaii tubes, 890 
Faiaday, extra current of, 25 
Faiadisation, 37 
Fascia, nerve endings in, 724 
Fasting, 748-9 
Fat (fats), 304-5 
absorption of, 476, 479-81, 542 
absorption by lacteals, 475, 517 
and absorption of calcium, 583 
and pituitary oxtiacts, 874 
and pynol-blue, 9()o 
blood-, 618 

body, abnormal iiiciease, 396 
calonflc value of, 619 
chemical constitution of, 304 
compared with carbohydrate, 619 
decomposition products of, 805 
deposition and utilisation of, 481 
depots, 479, 519 
desaturation in liver, 621 


Fxvkr 

VAi.—C(intuiueil 
digestion of, 468-9 

and dental canes, 108 
hy bacteiial action, 484 5 
emulsitication of, 464 
formation of, 510 
in Addison’s disease, 868 
in balanced diet, 404 
in Jlrissaiid type tnmouis, 871 
in bile, 539, 542 
m blood during digestion, 479 
in blood-plasma, 356 
in f.eces, 4S6, 4s7 
in tatty degeneration, 518 
in meats, 423 

m milk (human and cow’s), 418, 419 
in muscle tissue, 55 
in ie(l ami pale muscles, 16 
in uteius, 898 
in wai latioiis, 404 
in white coipuBcles, 805 
katabolism of, 508 
loss duiing starvation, 630, 531 
metabolism of, 517-21, 538 
nervinis contiol id, 774 
of iicivG tissue, 78 
ol placent. 1 , ''05 
of veg(d,able lnuds, 125 
oil I oliiur of 1.1 ces, 4h7 
on gastiic secretion, 455 
on respiratory quotient, 288 
origin of, 517 
oxidation ot, 520-1 
be, it produced lu, 384 
protein spaiei, 531 
lecovery from thoi.ieic duct, 481 
solubility ot atmospheiic gases ni, 293 
staining of, in fat de].ots, 479 
storage of and utilisation, 481, 619 
tiansjiort ot, fj85 
Use ot, in exercise, 289 
utilised by K'stiiig iieive, 82 
Fatigue, 89-92 
and adienaline, 866 
and \.igus stimulation, Ib.l 
aitihci.ll, 89 
blood in, 91 
brain and (! N S. in, 91 
chronaxie ot muscle in, 27 
m decerebrate animal, 081 
in excessi\<> s.ilt loss, 5SJ 
in muscle, 37 
m retlex arc, 67 I 
m rigor moitis, 65 
in tetanus, 37 

I'l voluntary contraction ot muscle, 27 
m voluntary movement, 91-2 
reduced by sympatbelH;, 103 
rest p.iuses, 92 
seat of, 91 

Fohling’s solution. 579 
and ascoibic acid, 112 
test tor glucose, 300, 573 
test for lactose, .301 
test for maltose, 801-2 
Fenestra ovalis, 799 
rotunda, 799 

lunctioii of, in hoauiig, 807 
Fermentation, 337 
test for glucose, 800, 672-3 
Fertilisation, 900-1 
Fevoi, 611-12 

on cieatinine pioduction, 523 
on skin colour, 204 
I)rote<*tioii by adrenalmo, 867 
typhoid, 484 
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Fibres 

Fibres, muscle, in cunti action, 39 
nuclei in, 14, 18, 19 
o1 arterial wall, 112-13 

of auriculo-vontricular bundle and node, 
188 

of cardiac muscle, 18 
of striated muscle, structure of, 14-17 
Cohnlieim’s aieas, 15 
contiactile substance, 14 
Dobio’s line, 15 
Heiisen’s line, 15 
inhibitory impulses, 92 
Krause’s niembram', 15 
s.iicob'inina, 11,18 
sarcomere, 15 
saicojjiasm, 15, IG 
sarcostyle (libiil), 14-16 
sarcous element, 15 
ot Veins, 114 
I’urkinje’s, 18, 138 
Ted and pale, 10-17 
uiistTialed (involuntary), 18-19 
Fibres, nerve See Neivo 
Fibiil (sarcostyle), of muside-fibre, 14-16 
Fibrillation, auricular, 128, 140-2 
ventiicular, 142 
Fibrin, 349-52 
digestion ol, 467 
by trypsin, 4 03 
of blood, 309 
of blood-plasma, 853 
of lymph-clot. 225 
pancreatic juice on, 421 
Fibrinogen, 861 
coagulation of, 354 
of blood, 809 
procipitability of, 864 
Fick’a manometer, 105 
Fillet (lemniscus), 086, 639-40 
Filtration, in the body, 881 
and reabsoiption in kidney, .552 
in tond .rbsorjitioii, 481-2 
in lymph-flow, 224 
of fluids, 831 

through capillary walls, 224 
Final common path, principle of, 69.5-7 
Fissure, anterior, of spinal cord, 620 
external jiarieto-occipital, 653 
of Rolando (central llssure), 653 
of Sylvius, 653 
posterior, ot spinal cord, 620 
primary (sulci), 653 
secondary (sulci), 653 
(sulci) of cerebrum, 651 
Flatulence, 484 

FIa\oui, ot food, elleet of fiee/ing, 403 
Flechsig, tract ot (dorsal), 028 

method lor studying functions of brain, 668 60 
myologenetic cortical fields, 660 
Flocculus, of cerebellum, o92 
Flour, 424, 629 

P'lmd, ascitic, removal of on salt loss, 5.82 
hot, on peristalsis, 197 
I' intake ot, on tissue Hinds, 22.5 
Fluoride, 350, 482, 591 
F’luoiino, 405 
Flutter, auricular, 140-1 
Feetus, blood of, 90H 
expulsion of, 00, 898, 908-9 
liver and .siileen of, 859 
nouiishinent and resjuiation of, 90S 
])yrrol-bluo staining, <>06 
rhythmicality of betal heart, 185 
sinus of heart, 124 
Follicles, Graafian, 887, 896, 899 
pituitary on, 899 


Galvanism 

Follicles — cow-finued 
solitaiy during infection, 484 
of alimentary canal, 430 
testosterone on, 897 
Fontana, spaces of, 817 
Pood, 418-27 
absorption of, 475-87 
ailjuncts to, 426-7 
and ahsoiption ot alcohol, 481 
and founation of red blood cMupusides, 457 
blood for alimentary canal, 192 
calontic values of, 930 
cooking of, 425-0 
lieivang ol, 403 
on heait-rate, 144 

physiological heat value, 884-5. 008-9 
l»resence of, on gastiic .secretion, 451, 455 
piopi'K'tary and vitanuus, 413 
luoxiraate pnncijiles, 418 
specific substances iii digestion, 476 
steiile, 483 

\ itaniin Content Table, 41 1 
Foot, picssuie in capillaiies of, 171 
Foramen of IMagendie, 604 
of Monro, 66 1 
Foiainina of Luschka, 601 
Foimatio reticularis, 686 
Fuieigii body, in rectum, 500 
Fossa ovalis, 109 

Fovea centralis, 817, 821, 840, 843 
Fractures, healing of, 927 
Fragmentation, of blood corpuscles, 301 
Fianck’s cannula, 163 
Frank’s manometer, 129 
Frauenhofer’s lines, 869 
Fiee weighting, in muscle contraction, 42 
Freezing, elleet on foods, 403 
Frog, cardiogram, 134, 183-4 
lieart of, 123-4 

prop.agation of heart-heat, 180-7 
velocity of nerve impulse, 85 
Frohlich's syndiume (adijtosity), 774, 871 
Fructose (hevulose), 297, 298, 299, 800, 801 
convex Sion by liver, 477 
in 111 mo, 573 

test fur liver efficiency, 477 
Fruits, constituents of, 427 
on intestinal movements, 60 
Fundus glands, stomach wall, 449 
Fundus of oye, examination of, 842 
Fungi, in urine, 570 
Fiimeuli of nerve-fibres, 71 
Funiculus cuueatus (column of Ibudach), 027 
635 

Funiculus gracilis (column of Goll), 027, 035 
Funiculus solitanus, 636 
Furfuraldehyde, 540 
Fuscin, black pigment of retina, 889 
Fusiform layei ot cerebral cortex, 057 


G. 

Gadd, manometer (endocardiac pressure), 129 
Galactose, 299, 300, 301 
conveisiou by liver, 477 
Galactoside.s, of nerve ti.sauo, 79 
Gall-bladder, functions of, 642 
involuntary muscle of, 18 
removal ot, 543 
Gall-stones, 806, 51.3 
formation by cholesterol, 641 
Galton’s whistle, 808 

Galvani, liis work on animal electricity, 48-4 
Galvam’s “contraction without metals,” 49-60 
Galvanism, principle of, 44 
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Galvanometkk. 

Galvanometer, Emthoven’s string, 45, 82 
Gametes (reproductive cells), 010 
formation of, 890-4 
Ganglion (ganglia), basal, 650 
blood supply of, 651 
connectuuis of, 774-5 
function of, 774-5 
importance of, 700 
Bidder’s, 180 
ciliary, 100 
coccygeal, 96 
cueliac (solai), 96 
collateral, 06 

Gasseiian, nerve-cells of, 68 
inferior cervical, 96 
inferior mesentoric, 06, 100 
Langley’s, 443 

lateral cbain of cells, 90, 101, 103 

developed from embryonic neural crest, 
103 

1.1} er of cerebial cortex, 057 
layer of (retina), 818 
lumbar, 100 
ot Scarpa, 689 

otic, spheno-palatino, sublingual, submaxil- 
lary, 101 

posterior root, 103 
prevertobral, 06 
Kemak’b, 184 
sacral, 101 
splieno-palatmo, 101 
spinal, 670 
spiral, 804 
stellate, 96, 181 
sublingual, 101, 444 
submaxillary, 101 
superior cervical, 9b 
superior mesenteiic, Ob 
sympatlietic, 71, 170 
loiniinal, 102 
thoiacic, 100 

Gas (gases), exchanges of, in the lu'ait, 151-2 
in intestine, 484 
inert, on nerve conduction, 82 
interchanges in tissue respiration, 283 et scq 
measurement of, 388 

mechanism ol, exchange in the lung, 2b()-2 
of the blood, 247-62 
analysis of, 248 
estimation of, 248 ct scq. 
ipiantity and tension of, 253 
of the cerebro-spmal iluid, 66 1 
on peristalsis, 404 
partial jiressure, 248 
pnnciple.s of analysis of, 248 
late of exchange in an organ, 285 
relation between quantity ami tension, 253 
solution in water, 247 et seq 
tension in tluids, 251 et seq. 
total exchange of, 287-8 
total pressure, 248 
transference in fuitu.s, 008 
Gasping, production of, 262 
Gastric acidity, limitation of, 457-8 
Gastric contents, analysis of, 080 
Gastric juice, 449-58 
action of, 456-8 
blood-forming factor, 457 
composition, 462 
enzyme action, 889 
secretion, mechanism of, 458-6 
investigation of, 451 ct seq. 
sham feecling on, 453 
vaiiatlon to diifeient stimulants, 458 
Gastric ulcer, 418 
Gastrin, 464 


Gliadin 

Qastiocnemius, ot man, 17 
Gay-Lussac’s law for gases, 331 
“ Gel,” 837 

formation in blood-clot, 352 
Gelatin, 810, 528 
cleavage products of, 819 
digestion of, 467 
of muscle tissue, 55 
of soup, 426 
Golatino&«-(s), 816 
Gennan, lino of, 657, 719 
Genu, ol internal capsule, 651 
' Gi.umzzi, crescents (demilunes) of, 442 
I Giddiness, transient, 200 

fiom stimulation of auditoiy area, 717 
Gig-intism, 871 

' Gland (glands), activity of, 485-8 
' adrenal, 861-8 

j cardiac, 449-60 

1 carotid, 87b 

i colls, function of, 433 

j ceruminous, 601 
! coccygeal, 876 

I Cowper’s, 549, .S05 

i function of, 895 

{ drugs on, 488 

ductless, development ot, 77t) 

I endocrine, cliaiacter ol, 6bl 
on growtli, 916 
' for needs ot species, 770 

j luiiction of, 1 

I gastric, 431 

1 li.ernal, 213 

' lymphatic, 218 

, ha molympli, 218 

I iiilected, calcium deposits in, 5b3 

l.achrymal, 818 
j Ijnqiliatic, 219-21 
mammary, 421-3 
fat III, 808 

Meibomean (tarsal), 813 
mm'ous, mueiii of, 310 
neiious control of, 488 
of trachea, 280 

of alimentary canal (secreting), 431-2 
of Bowman, 704 
ot Brunner (duodenum), 431 
of Ebner, 789 
of large intestine, 432-3 
of Littre, 540 
of small intestine, 431 
oxygon pressure in, 284-5 
parotid, 444-5 
pineal, 876 
prostate, 640, 895 
pyloric, 449-60 
salivary, 441-3 
histology, 438 
\a8odilatation of, 193 
sebaceous, 600-1 

secretory, autonomic control of, 102-3 
innervation of, 100 

of nose and mouth (innervation ol), 101 
sublingual, 444 
submaxillary, 448-4 

oxidtation and activity, 285-6 
suprarenal, medulla, developed from embryonic 
neural crest, 103 
sweat, 601 

in exercise, 108 
in psychogalvanic rellex, 198 
innervation of, 06, 103 
thymus, 876-0 
thyroid, 889-04 

velocity of nerve lmpulse.s to, 85 
Gliadin, 424, 620 
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Glia DIN 

Gliadin— continued 
cleavage i)ro<iuct3 of, S19 
ol plants, 308 
Glishon’s capsule, 530 
Globin, of lucmoglobiii, 308, SbO, 307 
Olobulin(s), 309 

action on, of alcohol, animonmin .sulphate, 
caustic jjotash, copjier sulj>bate, beat, 
nitric acid, and dillusibihty of, 315 
denaturation of, 314 
heat coagulation, 812 
of white corpuscles, 3G5 
precipitation of, 313-14 
Globulose, 814 

Glomeruli (Malpighian corpuscle), aderont and 
etieront vessels of, 647 
nitrate ot, 650 
llmd from cajisiile, 550 
function of, 660 1 
olfactory, 795 

Glomus aorticum, 204 7w(e 
COo on, 261 
Oluco-]jroteins, 310-11 

Glucose (dextrose or giapo sugar), 297, 298, 299 
300, 801, 802, 411 
absorption by laige intestine, 483 
s('li'ctiv(), 477 

selective, in Addison’s disease, SOS 
conversion to glycogen, 402 
current carbohydrate of body, 509 
imperturbability of cells to, 332 
in cerebro-spinal fluid, 06 1 
III foetal nutrition, 908 
m hypoglycieraia, 618, 538 
m Locke's solution, 154 
in muscle tissue, 66 
111 nouiislimont of fo‘tus, 908 
in urine, 672 3 
mobilisation of, 515-lG 
controlled by sympatbetic, 102 
of blood, 477 
on consciousness, 758 
on heart-beat, 164 
on respiratory quotient, 2S8 
pituitary extiacts on, s74 
production in small intestine, 475 
leabsoriitioii in tubules, 552 
substrate of zymase, 389 
Glutathione, 286-7 
Gluten, 424 
Glutenin, 424 

Glutiniiis, protein of plants, 30.s 
Glycerol (glycerine), 804-5 
a stimulating agent, 28 
in lormation of sju-citic fits, 476 
in leoithm, 518 
of fat absorption, 480 
Glycerophosphate of plasma, 685 
Glyceryl, radical, 304 
Glycine (glycocoll), 816, 525, 529 
deamination of, 402 
from globulins, 809 
in /3-oxidation, 621 
lu urine, 574 
kidney on, 553 
on creatine secietion, SG'i 

peicentage in cleavage pioducts of various 
proteins, 819, 820 

Glycocholate of sodium m bile, 539, 540 
Glycocoll (glycine, q v.) 

Glycogen (animal starch), 299, 302, 303 
<ind pyrrol-blue, POij 
and siipraKUial cortex. 80.S 
disappearance in rigor mortis, 64 
formation of, 402, 476, 610, 512 
in digestion, 334-6 


H vmoolobin. 

Glycogeii—conftwned 
111 muscle contraction, 51 
in .starvation, 680 
of aunculo-v entricular bundle, 138 
of muscle tissue, 55, 510, .'dS 
of placenta, 905 
of white corpuscles, 365 
storage, 510, 641 
Glycogeiiase, 303 
Glycogcnolysis, 515 
Glyi'olysis, 591 
Glyconurates, 676 
Glycosuria, 511, 514-15 
Glycyl-glycino, 820 
Glycyl-leucine, 820 

Gmelin’s test for bile pigments in unno, 575 
Goblet cells, mucin of, 310 
Goitre, exoplithalmic, 392 
relation to lodine-want, 405 
-wells, 392 

Golgi, bodies of spermatozoon, 885 
cbrom.ite of silver method, 69 
Golgi- M.iz/om, lUiffini and, coipusclcs ol, 721 
726-7 

Goll, column of, 624, 627 
Gonads, 872, 899-900 
Gowers, tract of, 62S 
“ Granny’s taitan,” 201 
Granulose, 802 
G r.ipt)-.sugar (glucmso, q v) 

Gravity, on circulation, 199-200 

on rctiiin ol blood to tlie lu'iut, 177 
Grey matter (nerve-cells), olO 
chemistry of, 78-9 
of cerebellum, 6, 643-4 
ofceiebnun (cerebral coitcx), 650, ()66-8 
of spinal cool, 620-21 
Grey rami, 96 
Growth, 528 <t u'q. 
and repair of b(»<ly, 915-27 
<ind iibo-ll ivin, 112 
anterior pituitary on, 391 
coniiol by adrenal coiti'x, 394 
local. 916 
power of, 7 
thyroid on, 389 et seq. 
vitamin A on, 407 
Guan.asc, 526 
Guanidine, .624, 585 
Guanine, 311, 52o 

Gyn (convolution.s) of cerebrum, 053, 658 


H. 

“ II " (liistamine-like) substance ni vasodilatation 
84 

Habit, 702 
Ilivm, 366 

Ha-macytoinoter, Thoma-Zeis.s, 358 
Hdcmal glands, 213 
Uaimal lymphatic glands, 213 
Haematin, 287, SG7 
in sweat, 604 
Usematogens, 311 
Iliematoidin, 8o8 
Hiematoporphynn, 368, 559 
Haematoscope, Herrmann’s, 370 
Ilfematoxylin, use of, 3 
Hicmautograph, 171 
Ilirmin, 867 

Hajmochromogen, 867, 372 
Hsemodynamometor, lo3 
Haemoglobin, affinity for CO, 293 
and kidney secietion, 551 
and mobile CO^j, 258 
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11 +MOGI,OBlN 

II;emogIobin — 
and pyrrol-b]u(3, 900 
association cuivo of, 254 
cbromo-protein, 310 
colour-index, 857 
composition, 866-7 
compounds, 868-9 
content of blood, 357, 929 
definition, 253 
dissociation curve of, 254-6 
estimation of, 858-9 
fcptal, 908 
function, 258 

increased at high altitudes, 291 
of led an 1 jialo voluntary inuscle 10 
of red corpuscles, 855, 860-7 
of rod muscle-plasma, 56 
of splenic blood, 212 
on skin colour, 204 
properties of, 871 et set/ 
protein of, 808 
quantity in blood, 258-4 
reduced, 264 et •^eq, 
definition, 254 
Ilnemoglobinometer, 858-9 
Iliemoglobinuna, 875, 671 
nicmolymph glands, 218 
Iliemolysins, 875, 379 
Hnemolysis, 856 
nature of, 878-9 
of rcfl blood coipuscles, 37!l-80 
Ilifimopyrrol, 308 
llasmorrhage, efiects of, 189, 200-1 
cerebral, 202, 6-3, 70'' 
into cranial cavity (fiactuied skull), ISO 
into the pons, 768 
of parturition, 90') 
on brain surface, 712 
on consciousness, 758 
on control of blood deputs, 213 
on 1.1‘ces, 487 

on skin colour, 190, 204, 209 
\ agus stiinulatioii afcer, 183 
witli maturation of follicle, 9()() 

IT.emosiderui, 861 
Hair, 698-9 
and vitamin K 6, 412 
erection by adrenaline, 860 
by sympathetic, 108 
m “ sham lage,” 707 
innervation of, 96, 100 
loss, 412, 531 
organ of touch, 723 
Haldane, analysis, 243-4 
appaiatus for blood-gas estimation, 248-9 
Halos, Rev Stephen, woik on bluod-jnessure, 
162 

Halibut liver oil, 4! 1 

Hammerschlag’s method for determining specihc 
gravity ot blood, 347 
Hamulus, 802 
Haptophor groups, 876 

Harvey, William, discoverer of circulation, 
121 sqq. 

Hassall, concentric corpuscles of, 876 
llausmann’-s method of protein analysm, 320 
Haversian canals (bone), 919 
Hay’s sulphur tests (bile salts in urine), 576 
Head, innervation of, 100 
Hearing, 799-810 
physiology of, 805-8 
Heart, 107-10 
absence of fatigue, 88 
acceleration and motor areas, 712 
accelerator certtro, 181, 183 
acetyl-choline on, 83 


Heart 

H eart — continued 
adrenaline on, 165 
aflerent fibres, 104 
apex-beat, 183 
Bainbridgo’s reflex, 197 
-beat, cause of, 1S5-6 
effect ol glucose, 154 
Marey’s law, 1F6 
myodromic propagation , 136 
sodium and potassium chloiide on, 582, 5S3 
-block, nature of, 188 
partial, 187 

vagus stimulation on, 184 
bundle ot Ills, 137 
iMlcuim on, 583 
cardiac cycle, 127-31 
cardiac reserve, 150 
cardiac sphincter in vomiting, 496 
cardiograms, 184-6 
chambers, 109 
chloroform on, 188 
coefiicients ot oxidation, 286 
compensatory pause, 140 
conduction in, 186-8 
contraction, rhytlimical, myogenic, 136 
eflect ol inim j ol a/\ bundle, l39//nb' 
wave of, 186 ct «’</ 
cojiper ol, 405 

coronary vessels, function of, 152 
curient ot action, 137 
denervatftd. cold on, 609 
diastole, 127, 128 
sound, 182-3 

disease on vital capacity, 239 
drugs on, 187-8 

* elliciency of, 150, 17o, 187, 205 
electiioal lecords of, 142-4 
endocardiac pressure, 129 
enfeeblemeiit at high altitudes, 292 
excised mammalian, 153-4 
excitation wave, 143 
extra systole, 140 
filling, 128 

Huttei and libiillatiun, 140-2 
I Oi tal, blooil in, 109 
rhythm in, 185 
sums of, 124, 137 
frociuency of action of, 144-5 
fiog's, 123 4 
cardiogram, 134 
Iiropagation ot beat, 1 36-7 
gaseous exchanges in, 151-2 
hypertrophy, 150 
liypotlialainus on, 774 
in asphyxia, 283 
in exercise., nervous control, 102 
in starvation, 530-1 
mhibitoiy reflexes, 151-2, 185 et seq 
innervation, 101 
-lung preparation (output), 146 

to measure coronary ciiculation, 201 
Maiey’slaw, ISO 
muscle. See Muscle, Caidiac 
nutrition of, 162-5 
of birils, 124 
of frog, 128-4 
of reptiles, 124 
of worms, 128 
output of, 146-50 
in exercise, 160, 197 S 
measurement of, 160 
on hlood-pressure, 205 
resting, 150 
pace-maker, 137 
parasympathetic on, 102 
perfused, vagus stimulation, 84 
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liKART. 

Eeart — continued 
penorfnimm, 160-51 
physiology of, 127-65 
-rate, 144-5 

and basal miitabolism, 888 
chemical control of, 187-8 
compared with respiration rate, 145, 239- 
240 

control of, 179 et scq 
factoi.'i influencing, 144 
gravity on, 199-200 
in hypeithyroidism, 149 
in severe exercise, 198 
influence of, on output, 148 
Maiey’s law, 186 
paiasympathetic on, 102 
relation to Bainbiidge reflex, 197 
to blood-pressure, 148-9, 186 
to consumption, 151 
to pulse, 169 

to tune of complete cnculation, 173 
resting, 929 

sympathetic on, 102, 180-1 
rt'fractory period, 140 
leturn of blood to, 177 
right lateral bundle, 137 
section of a/v bundle, 138 
-sounds, 182-8 
fStailing’s law, 148 
structure of, 107-10 
systole, 127-8 
sound, 182-3 
vagus on, 188-7 
valves, 109-10, 128 
venous inflow and return, 148-9 
wave, piopagatioii of normal, 138 
work of, 161-2 

iloat, anaerobic, in muscle contraction, 51 
changes in muscle contiactiun, 52 s>/q. 
eflect on lespiiation, 269 
evolved in miiacular activity, 286 
evolved in rigor mortis, 54 
initial, ot muscle contraction, 63 
loss by body, 609-11 
on blood coagulation, 850 
on involuntary muscle, 60 
on metaproteins, 814 
on nerve conduction, 81-2 
on peptones, 815 
on proteosis. 815 
on red blood coipiiscles, 380 
produced by nerve activity, 82 
production of, in Ixidy, 609, 77 1 
“recovery " m contraction of muscle, 51-2, 58 
rigor, 84, 56 
spots, 725-6 

“ Heat,” in reproductive cycle, 896 
lleat-coagulation, definition, 818 
Heidenhain's lymphagogues, 222 
Ilelicotrema, 802 

Helmholtz, method of measuring velocity of nerve 
impulse, 86 
wire, 25 

Helweg, bundle of (olivo-spinal tract), 627 
Hemianopsia, 716 
Hemiplegia, 768 
unilateral sweating in, 603 
Uenle, layer of, 599 
loop and tubules of, 646 
sheath of, definition, 71 

Henry-Dalton law for partial pressure of gases, 
881 

Ilensen’s line, 15 

Heparin, on blood coagulation, 350 
Heredity and reproduction, 910-12 
Hering-Breuer reflex, 266, 268, 259 I 


Uydrooen-ion Concentration (pH) 

Herpes (sliiiiglos), cause, 84 
Herrmann’s hoematoscope, 870 
Hexahydnc alcohols, 298 
Hoxone bases, 818 
of protamine decomposition, 808 
llexoso phosphate, 511, 585, 926 
Hexoses. See Monosaccharides 
Hexyl alcohol, oxidation of, 804 
Hiccough, 273 
Highmore, body of, 883 
Hill (A. V.), thermopile, 68 
hot wire sphygmograph, 172 
Hilus, of spleen, 209 
of lymijh gland, 221 
Hippurates, in urine, 667 

Uis, bundle of (Kent’s bridge, auriculo-ventn- 
ciilar bundle), 137 

Histaminaso (enzyme), absent from skin, 175 
Histamine, 204 5, 8b7, 868 
in capillaries, 193 
in digestion, 468 
from histidine, 818, 465 
libeiated in vasodilatation, 193 
on blood {iressuie, 175, 176 
on capillaries, 175 
on gastric socrotioii, 465 
on pancreas, 465 
on peripheral resistance, ICO 
Histidine (imidazolo-amino-pro[)ionic acid), 318, 
478, 485 

importance of, 629 
Histones, 308-9 
digtssLion of, 467, 468 

Holmgren’s worsteds, test for coloiir-blmdiiess, 
850 

Ho]»kiii8, test for lactic acid, 472 
Horiiiom'(.s), 875, 899, 900 
doiived from tyrosine, 529 
growth, 872 
of adrenal cortex, 582 
of gastric secretion 455 
piodiiceil by pituitaiy, 875 
sex, 306 

suprarenal cortical, 867, 868 
Humour, aqineous, 815, 821 
vitreous, 816, 822 
Hunger, 403, 458, 748-9 

Ilurtlile manometer (endocardiac prossun*), 129, 
166 

Hutchinson’s spirometer, 237 
Huxley’s layer, 699 
Hyaline cartilage, 916 
Hyalojilasm, definition of, 2 
111 anucboid movernont, 8 
in ciliary movement, 10 
in muscular movement, 16 
Ilydrobilirubin, 540 
Hydrocele fluid, 868 
Hydrogen, acceptor and donator, 287 
constituent of protejns, 807 
in reduction of oxyliBemoglobiri, 287 
removal iri oxidation, 287 
Hydrogen-ion concentration (pH), 689-90 
determination of, 590 

maximum ofRict as respiratory stimulus, 265 
of blood, 257, 590, 929 
at high altitudes, 292 
in exercise, 62 
oil respiration, 265 
on tissue nutrition, 155 
of digestive secretions, 694 
of gasti 1C juice, 458 
of saliva, 694 
of tears, 594 
of urine, 659-CO 

optimum for enzyme activity, 841-2 
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HYDnOGKN-rKKOXIDK. j 

Hydrogen-peroxido, oxidising agent, f}2l 
Hydrolysis, an isotliormio, action, 842 
an onzymo activity, 389, 92(5 
and absorption of fat, 479-80 

equilibrium iiomt, 834 I 

ot albumins, 309 | 

of bile acids, 589 

of cano-sugar, 301 i 

of dextnnes, 802 j 

of globulins, 309 , 

of lactose, SOI I 

of protamines, 808 I 

of protein, 814-1 5 
of sucrose, SOI 
llydiopliobia, 446, 4 17 
Hydrotropliy, 4S2 

Hydroxypbenyl-ethylaniinc, of tyiosme digestion, 
485 

Hydrurla, 660 
Hyperalgesia, 747 
Hyperglycaimia, 514 

produced by adrenaline, hyperthyroidism, 
pituitary, 516 
llypermetropia, 883 
Hyperpituitarism, 871 
Hyiiorpnoea, in asphyxia, 281 
produced by increased pH of blood, 691 
Hyperthyroidism, 390-2 
('NS in, 891 

produces hyperglycemia, 516 
liypobromite method (estimation of urea) 
577 

Hypoglycfcmia, 612-13, 538 
Hypopituitarism, 871 
Hypothalamus, 611, 711 
and “sham lage,” 707-S 
damage to, 774 
functions of, 773 4, 776 
stimulation of, on heart rate, 181 
Hypothyroidism, 889 ct scq 
lie.iit rate in, 149 
Uypoxanthine, lorniation, 526 
ol blood-plasma, 855 
ot muscle tissue, 55 


I. 

lUiisiou, 745, 857-8 

Immune body, 876-7 

Immunity, 874-80 

Incus (anvil bone), 799-800 

Indican (indoxyl suliihate of potassium), 5o9 

Indigestion, 495 

Indigo, 111 sweat, 604 

Indole, 317 

conversion into indoxyl, 568-9 
ring, 817 
Indoxyl, 669 

Infantile jiaralysis, 275, 446, 447 
Infection, 888 
and calcium, 588 
and phosphoiiis, 585 
on white blood-corpuscles, 862 
Inference method (tension of gases m blood), 252 
Inflammation, on skin colour, 204 
Infundibulum of bronchial tube, 232 
Inhibition, 83 

Injury, current of, m muscle, 47 
mechanical, response of skin, 204 5 
Inoculation, curative and protective, 87 1 
Inosital (inosito), of muscle, 55 
source and description, 803 
Inspiration, of nerve, 283-4 
on vagus impulse, 267 
the first, 270-1 


ISOMEUIDES. 

Inspiratory centre, 262 3, 267 
Insula of cerebrum (Island of llml), 653 
Insulin, 461 
and hunget, 748 
adrenaline on, 8G4 

control of carbohydrate metabolism, 511-12 
from protein, 402 
nature of action of, 512 
on ketosis, 521 

post-pituitary extract on, 874 
preparation, 511-12 
secretion, mechanism of, 513-14 
Intercostals, movements in respiration, 234-5 
Intestine (intestines), absorption ot water in, 
475 

ealeiiim ahsoriition in, 583 

deiiervated, on secietion ot gastric juice, 455 

digestion in, 461-9 

imi>ortance of vasomotor changes, 191 
in nerve muscle propaiations, 59 
iiihihition of, 774 
innorvatiou of, 98, 100 
laige, absorption of food in, 476, 483-4 
etlect of disconnection fioiii spinal cord, 501 
excietion ofcalcmni, 5b3 
functions of, 483-7 
hydrostatic picssure in, 482 
movements of, 498-501 
loss dining starvation, 531 
mucosa ot, 481, 482 
puigativos on, CO 

small, absorption of food in, 475-G, 4 Sl 
innervation of, 101, 102 
movements of, 494-5 
jairnping action of villi, 498 
sterilisation of, 483-4 
Inulin, 299, 302, 552 
Inversion, torm of hydrolysis, 800 
of cane-sugar in alimentary canal, 300 
Invortuse (sucraso), 468 

eii/.yme of yeast cells and mtostmal juice, 
339 

■ on sucrose, 801 

I Involuntary (plain) muscle See Huscle 
j Involution of mammary glands, 423 
1 Iodine, importance of, in food, 405, 910 

I in thyroxine, 393 

I on dextiins, 802 

I on starch, 302 

1 reactions with glycogen, 803 
' lodoaoetate, on muscle contraction, 50-1 
I Ion, delimtion, 825-6 

i positive and nogativo m corpuscles, 259 
I Ionic reactions, 335 
Ins, 815-16, 823 
angle of, 817 
lunctions, 886 
plain muscle of, 18 

Iron, dehciency in milk .ind eggs, 420, -29 
oxerelion ol, 543 
in IVeces, 486 
metabolism of, 405 
necessity of, 405 
of chromo-protoins, 810 
of nucleo-proteins, 811 
ot placenta, 905 
-sails, 916 

storage m spleen, 212-13 
Irradiation (vision), 884 
hiadiation, and vitamin 1), 110 
Irritability, ibee Excitability 
li ritatioii, chronic, 583 
Islets of Langerhans, 461, 511 
Iso-amylaimne, from Icuciuo, 485 
Isocholesterol, 601 
Isomendes, 298 
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I.soMKTRic Method 

laurnotrio method, for measuring muscular woik, 
83, 41 

Isometric pliase, in ventricular systole, ISO 
Isotonic method, for measuring muscular work, 41 


J. 

Jacksonian epilepsy, 714 
Jaundice, 356, 486, 541 
Jfinnum, calcium absorjition in, 583 
Jelly-fish, nervous system, 775 
Joint sense, 741 

Joints, in posture and eipiilibrmm, 684-5 


K. 

Karyokineais, 864-5 
Katabolic neives iS’«! Sympathetic 
Katabolism, 507, 565 
Katolectrotonus, of nerve, 88 
Kat-ions, 820 

Kent’s Bridge (bundle of His, auriculo-veiitricular 
bundle), 187 
Kephalin, 807 
of nerve tissue, 79 
Keratin, 810, 597 
cleavage products of, 819 
of sweat, 603 
Ketngemc diet, 560 

Kotone(8), oxidisation product of secondary 
alcohol, 298 
Ketosis, 298, 521 
of diabetes mellitus, 517 
Kidney (kidneys), 545-56 
and anilno-acids, 517 
and endogenous metabolism, 523 
at high altitudes, 292 
co-operation uith skin and lungs, 64'», 554 
coiiper of, 405 

deamination ot 5-amino acids, 525 
denervation of, 551, 55 4 
<lisease, systole and pulse in, 171 
eflieiency, 554 

elaboiation ot new substances, 553 
enzymes of, 468 
excretion, of alkali, 292 
of acid phosphate, 258 
of ealcnirn, 583 
of COo, 260 

of injeeted disaechai ,des, 477 
extirpation, 553 
functions, 549-50, 582 

111 maintaining blood volume, 2‘24 
111 neutralising acid of blood, 592-3 
in salt loss, 582 
inositol of, 803 
loss during starvation, 531 
need for ammonia, 664 
nerves of, 553-4 
pbloridziii on, 514 
pituitary on, 873 
renal circulation, 111 
secretion, 224 
control of, 663-4 
vital mechanism of, 552-3 
Kjeldahl’s method (nitrogen of protein), 320, 577 
Knee-jerk, 677, 678 
central inhibition of, 698 
m cerebellar disease, 693 
m lesions of nerve tracts, 679 
Korotkow's sounds, 168 
Krause, end-bulbs of, 742 
membrane of, 16-16 


IjEUOINK 

Krogh’s bubble aerotometer, 261 
method of studying metabolism, 387 
recording spirometer, 238 
tonometer, 251 

Kuliiie, investigations on Hobie’s line, 15 note 
Kuplfer cells, 361, 862, 533 
Kymograph, 163 


L. 

Labour, onset of, 898, 909 
Labyrinths, 689, 800-1 
in eipiilibrium and postmo, 686-8 
Lact-albumin, 309, 419 
Lactase, absence from pancioatic juice, 4GO 
a disacchande, 889 
of 3UCCU3 outericus, 468 
Lactates, in oxygen debt, 289 
Lactation, 42‘2 
on lat metabolism, 518 
relation to corpus luteum, 897 
J,acteals, definition, 217 
function in food absorption, 480 
m fat absorption, 475, 479 
Lacto36(milk sugar) dextro-rotatory disuccbai ide, 
297, 299, 801 , 4*20 
absoiption of, 476 
and calcium, 5S3 
injection into blood, 477 
in urine, 573 
of milk, 419 
IjU'Vulose See Fructose 
Lamellae of bone, 919 
i Ijamina enbrosa, 818 
' 1, amnia, spiral, 802 

j jLangerhans, Islets of, 461, 511 
Tianoline, 806 

I T;aryiigismus stridulus (spasmodic croup), 273 
I Laiyngoseopo, 782 
I I.aryiix, 229, 781 
I efJect of blow on, 186 

I m respiiation, 287 

motor area for, 7 11 
movements in swallowing, 491-2 
Latent period, in contracture, 89 
of muscle contraction, 88-4 
Law, All or None, 84, 139 
Focliner’s, 732 
Marey’a, 186 

of Arrhenius and enzyme action, 841 
' of HukI pressure, 159 

of Mass Action, 834-5 

I of Specific Noive Energies (Muller's), 731 

I of the Heart, Starling’s, 148 

' Bitter-Valli, 77 

Weber’s, 782 

Layers, primary, of cerebral cortex, 655-S 
Jjecithidcs, 879 
Lecithin, 807 
composition of, 618, 585 
in bile, 639 
in faeces, 486 
in lymph, 480 
in metabolism of fats, 518 
in spleen, 212-13 
of milk, 420 
of nerve tissue, 79 
of red corpuscles, 866, 379 
Leech extract, an anticoagulant, 850, 478 
Leeuwenhoek, observations on circulation, 122 
ricmiiiscus See Fillet 
Lemon imce, source of vitamin P, 412 
I Lena, crystalline, 815, 816-17, 822 
j Leucine (a aminu-isobutyl acid), 816, 525 
I digestion of, 486 
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Leucine. 

Leu(•lll(^— contin-ued! 

Ill pancreatic juice, 463 
in unno, 570, 674 

percenta^'o in cleavage products of various 
proteins, 319-20 

Leucocytes, eosinophile, 863, 865 
function of, m fat absorption, 481, 618 
large mononuclear, 362-8, 865 
liolymorplioimclear, 868, 865 
transitional, 868, 865 
Leucocytosis, 865 
Leiicyl-alanine, 320 
Ijeucyl-glycyl-alanine, 820 
Levator palpebrai super ions, 813 
Lovatoros costarum, function in inspiration, 235 
Lieberkuhii, crypts of, 431 

Liobermann -Uiirchard, reaction (cliolestorol), 
300 

Ligament, spiral, 802 
Ligamontum pectinatum indis, 817 
Light, on pupil, 837 
Ll]iase, action on fata, 805, 481 
activity of, 471 
a lipolytic enzyme, 831) 
function, 479-80 
of gastric luicrt, 457 
of pancreatic juice, 462, 464 
on blood fat, 479 
Liiiide(s), dolliiitioii, 518 
and sujirarenal coitex, 868 
i ompound (Iipins), 307 
oi cells, 378-9 
of medullary sheath, 70 
of milk, 420 

of nerve tissue, 70, 78, 79 
aiia'sthetics dissolved in, 82 
of protoplasm, 2 
of spleen, 212-13 
simple (fats), 303 
tiarispoit of, 685 
Lipins (Compound Lipides), 807 
Lipoehrorno of rnilk, 420 
Lis.sauer, tract of, 629 
Littre, glands of, 649 
Lner, 535-43 
acute atrojihy, 575 
and adrenaline, 86n 
and amino-aeids, 522-3 
and creatine, 565 
blood di'pots, 210 
capillaries, 6.37 
cujipei ot, 405 
(les.ituiation by, 521 
detoxication by, 589 
f.it, character of, 519 
composition of, 510 
fat, ])ituitiry extracts on, 874 
fetal, 3 >9, 90) 
functions, 538-9 
glycogen, 303 
in blood jiroduction, 360 
in endogenous metabolism, .523 
in fat metabolism, 521 
in mobilisation of glucose, 515-16 
inositol of, 803 

la’vuloso (fructose) test for efliciency, 477 
loss during starvation, 53i 
lymjdi, protein ot, 226 
portal circulation, 111 
production ol \"itaniin A, 408 
removal of, on ammonia, 564 
nbo-llavin of, 412 
tissue, tiuid of, 225 
Living test-tube, 853 
Load, ettect of, on muscle work, 42-3 
on muscle contraction, 34 


Magnesium 

fjobes of cerebrum, 053-4 
of lung, 232 

of pituitary body, 868-9 
Locke’s, liinger-, solution, 154 
Locomotion, index of evolution, 775 
Locomotor ataxy, absence of refli'\e.s, 678 
Loewenthal, tract of, 627 
Loudness of musical sounds, 785 
Ijoven reflex, 196 
I aid wig, Carl, kymograph, 163 
Lungs, blood supply, 112 
capacity of, 239 
carbonic anhydrase in, 258 
co-operation with kidneys, 649 
dissociation of COo, 259 
elastic traction of, 128 

elasticity of and atmosplienc piessute, 231-2 
functions, 229 

gaseou.s exchange in, 260 et seq 
irritation of vagus endings in, 269 
loss during starvation, 531 
movements in respiiation, 234 
negative and positive ventilation on respiration 
267 

structure of, 231-2 

volume and pressure of COo and Oo, 
262 

Lunula of nails, 698 
Lusohka, foramina of, 664 
I utkeiis, s])hincter of, 542 
Lymph, 217-25 
cajejlaries, 217-18, 225 
clotting, 225 
composition of, 224-5 
definition, 217 
How, 223-4 
formation of, 221-8 
glands, 219-21 
in the liver, 225, 538 
in tissue respiration, 284 
neutral tat of, 479 
on blood volume, 224 
osmotic pressure of, 228 
jiath, definition, 220 
pencardial fluid, 108-9 
jiiotein breakdown, 883 
lolationship to blood, 224 
sinus, definition, 218-19 
tissue of alimentary canal, 430 
Lymphagogiies, 221-2 
Lymphatic glands, 219-21 
increase after removal of sjileen, ‘212 
I,ymi)hatic .system, 217-26 
J^ymiihatics (lympli vessels), 217 
atlerent and eflerent, 220-21 
in nerve degeneration, 77 
involuntary minsclo of, 18 
origin and structure of, 217-18 
liyoiphocy tes, 862, 864-5 
deliiiitioii, 225 
formation by spleen, 212 
of cercbro-spiiial fluid, 665 
Ijj mplioid tissue, 220 

Lysino (diamino-caproic acid), 818, 574, 575 
an essential amino-acHl, 629 


M. 

Macrophages, 862 
Macrosinatic animals, 796 
Macula lutea (yellow spot), 817, 818 
Magendie, foramen of, 664 
Magnesium, iii bone, 405 
in fa*ces, 488, 486 

111 plasma, corpuscles, and whole blood, 365 
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Magnesium. I 

111 urine, 600, 685 

results ot deyiivatum, 40j-i) 

Mai/e, 628 
Malaiia, 218 
Malleus, 806-7 
function ot, 691 

Malpighi, discoverer of capillaries, 122 
Malpighian corpuscles i'ee Olomei ulus 
Malpighian layer (rete mucosuui), 697 
Maltase, a disaccliarase, 839 
of succus eritencus, 465 
Maltose (malt sugar), 299, 301 , 802 
ahsorjition ol, 476 
in digestion of starch, 446 
Malt sugar. See Maltose 
Mammary glands, 421-3 
fat in, 803 
Manganese, 405 
Mannitol, 298, 319 
Manometer, definition, 159 
Fick’.s, 165 
Frank’s, 129 

lIurthle’3and<jadd's(endocardiac iiressure), 129, 
166 

mercurial, 163-5 
Fipcr’s, 129 
Wiggcrs’, 129-30, 166 
Marchi’s reagent, 79 
Marey’s Law, 186 
JMarey’s tambours, 129, 134-5 
Marrow, 918 
fat ill, 803 

rod hone, activity at liigh altitinle.s, 292 
activity in ha'inorrhagi', 200 
hypertrophy of, 212 
polymorphs in, 365 
red corpuscles in, 359 
yellow, severe hiernorrhage on, 200 
Martin’s sphygmometer, lO'T 
Mass Action, law of, 834-5 
Mass peristalsis, 498, 504 
Mastication, 490-1 
Moat, as food, 423-4 
extracts on gastiic secietioii, 451-5 
in a dietary, 402-8, 529 
on bile, 542 
on f.i'ccs, 487 
on gastric juice, 458 
phosphates of, 585 
vitamins of, 414 
Meatus, external auditory, 799 
Mediastinum testis, 883 
Medulla oblongata Sec Hulb 
Medulla, of lympih gland, 219 
of suprarenal, 863 
development of, 866 

Megakaryocytes (giant cells) of marrow and spleen, 
864 

Megaloblasts of embryo, 859 
Menssner, nerve plexus, 102, 430 

111 control of alimentary canal, 502 
corpuscles, 7‘26 
for touch sensations, 722, 742 
Melanin, 839 

Membraiia granulosa of Qraatlau follicles, 8S7 
Membrana limitans externa (retina), 819, 821 
Membrana limitans interna, 818 
Membrana tectoria, 804 
Membrana tympani, 799, 806 et se<j. 
l\Iembranes, basilar, 808-9 
of cochlea, 802 
foetal, 901 et seq. 
hyaloid, 816 

mucous, during rest, 467 
ot alimentary canal, 430 


IMilk 

Membranes — conttnned 
of Hruch, 815 
of lleissner, 807 

liermeability and adieiial hoiuionc, 868 
pla.smatic, of cells, 386 
scmi-pormeablo, 828 
vitelline, 890 
Mendel, theory of, 910-12 
Menit're’s disease, 690 
Menopause, 881 
Menstruation, 881, 897, 898-9 
Mental activity, on sympathetic, 182 
Mental defectives, cerebral cortex of, (>57 
Montliol, on tactile sensibility, 737 
Metabolism, 883-90 
adrenaline on, 864 
and creatinine, 665 
at menopause, 895 
basal, 888-9, 530 
carbohydrate, 606-17 
pituitary on, 87 I 
relation of pancri'as to, 511 et i,((i 
delimtion, 7 

endogenous and exogenous, 518, 561 
fat, 517-21 
fat, enzymes in, 521 
fcctal, 905 
in acromegaly, ^71 
ill contiactuie, 37 
in nerve, 82 
in small animals, 144 
intermediate, 507-32 
liver functions during, 538-9 
methods of stuilying, 385 et beq. 
nitrogenous, spleen in, 213 
nucleo-proteiii, 626-S 
on lymidi-llow, 222 
on resjuration, 266 
jetuitaiy lesions on, 871 
protein, 807, 561 
end-products of, 807-8 
l>urim>, 525-8 
lliyroid on, 805-6 
water of, 581 
Meta-proteiiis, 314 
Methicmoglobm, 371 
Metliioiiiiie, 818 , 529 
Methyl alcohol, oxnlatioii of, 304 
Methyl glycine Sec Sarcosnio 
from arginine, 318 
Methyl iiidole (skatole), 317 
Mf'tt’^ method (proteolytic activity), 472 
M(‘yor-Ovorton thcoiy, 332-3 
Meyiiert, fountain di cussatioii of, 640 
solitary colls of, 71'- 
Mtciococcus iiKve, 562, 564 
action of, 571 
Micro-gas analysis, 244 

Micro-organisms, anaerobic and aerobic, 338-9 
Microsmatic animals, 790 
Micturition, 655-7 
Mid-braiii, 616 

decerebrate rigidity in tumours of, 682 
parasympathetic ncrve-libres from, 100 
section through, 638-40 
Milk, analysis, 980 
as a food, 418-28 
as carrier ot infection, 484 
coagulation of, 419-20, 583 
composition, human and cow’s, 421 
curdling, 464 
fats of, 420 
fever, 867 

forgiowtli and general purposes, 629 
lactose of, 420 
on gastric juice, 458 
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Milk - continued 
phosphorus of, 5S5 
proteins of, 4T,t, 520 
reaction and specific gravity, 419 
iibo-llavin of, 412 
salts, 420 
skiininod, 927 

sour, as curative agent, 485 
souring of, 420 
sugar (lactose), 420 
vitamins of, f08, 414 
Millon’s reaction for proteins, 812-13 
Miner’s cramp, 582 
Minerals, reiiuiri'mcnt of, 405 
Mitral valve, leakage through, 182 
Modiolus, of cochlea, 802 
Molecular reactions, 835 
Monoacetin, 306 
Monohydnc alcohols, 298 
Mononuch ar cells of blood and spleen, 801 
Monophasic variation, 48 
Monosaccharides (hexoses), 298, 470 
Monro, foramen of, (501 
Moore’s test for sugar, 800 
Morphine, on COo content of blood, 290 
on sweat excretion, 603 
Mosso’s ergograph, 91-2 
plethy.smograph, 190-1 
Motor contie, 709 
Mountain sickness, 291 
Movement, amoeboid, 8 
and development ol C N a , 775-0 
ciliary, 8-10 

external agents on anucboid and ciliary, 
10 

nerve iin]iiilses in, 770 
of living organisms, 7 
of muscle, 13 

passive, recognition of, 083 
fesult of ncive iinjiulse, 80 
secondaiy, 713 
voluntary, 91-2, 092, 707-70 
Mucigen, 441 
Mucin(s), 310, 81 1 
precipitation of, 446 
secretion, 441 
Mucinogen, 441 
^lucoids, 810-11 
Mucous glands, mucin of, 810 
Mucous membrane of an passages, 267 
Mucus, 111 gall bladilcr, 542 
in urine, 574 
mucin of, 810 

])iotcctioii against auto-drgostion, 450-7 
Muller’s fluid, 79 
muscle, 18, 815 
sustentacular fibres, 818 
Murexule test for uric acid, 560 
Murmur, respiratory, 286-7 
vesicular, 237 

Muscarine, on heart-rate, 188 
on sweat secretion, 008 
M uHcle (muscles) : 
adrenaline on, 804, 806 
and amirio-acids, 622 
antagonistic, 696 
bronchial, innervation of, 101 
cardiac, 18 

“ All or None " Ijaw, 189 
connection of all cells, 139 
properties of, 189-40 
refractory period, 189-40, 1 11 
rhythmicality, 189 
‘‘ staircase,” 189 
chemical composition of, 56-6 
ciliary, 816 


Musclk 

Muscle— confiTiucd 
ciliary, innervation of, 100 
mvoluntaiy muscle of, IS 
classification of, 13-14 
contraction, 31-56 

contraction, acid produced in, 60 Sfjq 
afiionalino on, 8o6 
after loading, 31 , 42 
“ alactacid ” debt, 52 
“ All or None ” phenomenon, 34 
anaerobic beat, 51 
anti activity of nerve, 82 
and calcium, 583 

beneficial eflect of previous action, 35 
carbohydrate on recovery, 51 
changes in form, 31 Sf/r/. 
chemical changes, 50 sijq. 
creatinepbosphoric acid in, 50 ^qq 
curve modifications, 84 si/r/. 

“delayed anaerobic beat," 51 

ilipliasic variation, 48 

energy in, 50-1 

fatigue in, 89 

free weighting, 42 

glycogen in, 61 

heat rigor, 84, 56 

111 led muscle, 10 

initial heat, 68 

lodoacctate on, 50-1 

isometric ami isotonic curve, 42 

lactic acid m, 51-2 

latent period, 88-4 

lever systems, 40 

load, inHuence of, 34, 42-3 

maximum tension, 43 

monophasic variation, 48 

muscle- fibres in, 39 

nerve impulse on, 13 

optimum rate, 41 

oxidation, 286-6 

oxygen debt in, 62 

oxygen on, 51-2 

phosphonis concerned in, 585 

plij steal “discharge ” in, 50 

lecovf'iy factors, 61 

recovery lieat, 68-4 

rigor mortis, 54-5 

secondary, 60 

simple curve, 33-4 

stage of contraction proper, 33 

stage of relaxation, 38 

“ staircase ” curve, 35 

superposition (summafion) of effects and 
stimuli, 84-5 
temperature on, 34, 42 
tetanus, 37, 60 
lactic acid, during, 284-5 
thermal changes in, 62-4 
twitch, time of, 34 
voluntary, 37 
work : heat ratio, 42 
control by nervous system, 13 
co-ordinatum and equilibrium, 688-4 
creatine satuiation, 566 
curari on, 91 

current of action, 37, 47, 81 
current of injury, 47 
degenerated, response to stimulation, 27 
elasticity of, 40 

electrical phenomena of, 43 sqq. 

(>\piratory, 235 
fat of, 65 
fatigue, 89-92 
fatigue and loading, 42-3 
-fibres See Fibres 
gelatin of, 56 
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Musclk 

M usclo— couiaiurd 
Klyfogfii of, 51, 303, 530 
hi8t(jlogy (»f, 13 e{ aeq 
inositol of, 303 

111 posture and ('(|mlibriuin, 17, 68 1-5 
in rigor mortis, 54-5 

intercostal, function in inspiration, 234-5 
involuntary (plain, smooth, unstnped, un- 
stnatod), 18-19, 59-61 
choinical ohangesin, 61 
chronaMt) of, 60 
coefncicnt of oxidation, 286 
contraction of, 60 
control of, 59 
effect of teinper.itiiro, GO 
excitability ol, 69-60 
graded response of tibies, 61 
innervation of, 73 
iHotonic resiionsc, 60 
Muller’s, 18 

nervous contiol in body, (.0-1 

of spleen, 200 

ol trachea, 229 

pituitary on, 756 

propel ties of, 59-60 

red and pale, IG 

response to stimulation, 24, .OO-GU 
rliythmicality, 59-60 
rigor mortis of, G1 
stimulation by stretching, 23, (>0 
tetanus in, tiO 
thermal changes in, (>1 
tonus, 60-1, 866 
unfatiguability, 61 

laiyngeal, function in forced inspiration, 235 
loading, 42 

loss during starvation, 631 
mechanical efficiency of, 64 
Mnllor’s, 815 

nutrition, impairment of, 88 
pectoral, of birds, 17 
percentage of body-weight, 507 
-plasma, composition of, 55 
jiroteiiis of, 55 

rod and pale voluntary, 16-17 
disti ibution of, 17 
refractory pliase of, 27 
relaxation, 43 
respiratory, 234-5 
response to increased load, 42-3 
sensation in, 733-4 
sense, 741 
spindles, 723 

stillness after exeicisc, 222-3 
stretcliuig on blood-pressure, 193 
sti lations of, 14, 16 
structure of, 13-19 

sympathetic adaptation to activity, 85 
thermal clianges in, 52-4 
tissue fluids, 225 
tone, 680 et seq. 
true latent period, 84 
velocity of nerve impulse to, 85 
voluntary (skeletal, striated, or .strij>od), 14-17 
coeflicients of oxidation, 286 
fatigue of, 91-2 
fibres See Fibre, 
motor nerve- fibres, 72 
red, and pale, 16-17 
rliythmicality, 59 
work and efficiency of, 41 sqq. 

Muscular system, function of, 1 
Muscularis mucosae, 480, 498 
of bronchi, 230 

Musculi papillares, during oaidiac filling, 129 
Mus.sel, mechanism of closure, 61 


Nervr. 

Myasthenia giavis, treatment witli oserinc, 8 4 
Mydnatics, 886 
Myelin, cholesterol of, 806 
development with nerve function, 659-60 
of degenerated medullary sheatli, 77-8 
Myelocytes, 365 
Myeloplaxcs (giant cells), 918 
IVIyoalbumin, of muscle-plasma, 55 
Myodromic conduction in heart, 136 
Myogenic rhythm of heart, 135 
Myoglobulin, a globulin of musidi'-pl.isma, 55 
Myograph, 81-2 
Myopia, 833 

Myosin (muscle-clot), in rigor mortis, 54 
of meat, 423 
of muscle, 309 

Myosinogeii, coagulation, 812 
of muscle-plasma, 55 
Myotics, 886 
Myxuedoma, 389-90 

N. 

Nails, the, 598 
Narcosis, 759 et seq. 

Naicotics, on sympathetic, IS8 
Nc.ir-poiiit (vision), 880 
Neck, miicivation ot, 100 
Neck righting reflex, 599 
Ncocerelicllum, 693 

Nephritis, loss of consciousness in, 653 
Nerve (nerves, nervous), aoitic dcpicssoi, 186 
abduceiis (6th cranial), (i32 
absence of fatigue, 83 
absolute refractory peiiod, 83 
accelerator in vagus, 268 
alterent. 65, 734 
endings of (bouton'-), 73-74 
on sympathetic, 181 
Velocity of impulse, 85 
aiielectrotonus, 88 
. 11)1 tic depressor, 18('-T 
auditory (8tb cranial), 632 
autonomic, drugs on, 104-5 
axis cylinder, 70 
axon, 67 

beneficial cllect of contraction, 89 
cardiac, 98, 193 
-cell (cells), 68-9 
bi])olar, 68 

connections in C N S , 67 
cunont of iiijniy, 49 
dcgoneratioii of, 68 
embryonic, 68 
lateral chain, 96 
multipolar, 09 
of s])iiial cord, 69 
nicotine on, 98 et seq. 

Nissl’s granules, b'J 
ol teicbrul cortex, i 65-S 
rhythmic discharge from, 39 
stations, general arrangement, 100 
of 10th and 11th nerves, 101 
unipolar, 69 

centres for visceral reflexes, 680 
cerebial, 682-4 

cerebiosides of, in myelin sheath, OO’?’ 
changes (t hemical, electrical, thermal), 82-3 
cochlear, 804-5 
conductivity in, 81, 83 
conduction with decrement, 81 
contracture, 89 

control, of alimentary canal, 501-4 
of capillaries, 174 
of defieeatioii, 5( 0-1 
of heart rate, 179 et seq. 
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Nerve. 

N erve — continued 
control ot involuntary muscle, GO-1 
of respirations, 205-70 
of vomiting, 406-7 
cranial, 632-4 
crossing, 86 

current of action, 81, 82 

cutaneous, stimulation of, on respiration, 271 
(Icgcneratioii, complete, 88 
ellects of, 77-8 
reaction of, 88-9 
depiessor, course of, 18G-7 
si'ction of, 190 
stimulation of, 195 
ottorent, function of, 65 
velocity of impulse, 85 
electric currents on, 88-9 
end-bulbs in, 721 
end-])latos, 72 
-endings, free, 724 
function ot, 731 
in fascia, 724 
in skin, shivi'nng, 611 
sensory, 721-7 
tactile discs, 724 
excitability. See Kxcitability 
lacial (7tU cranial), 6S2 
course of, 101 
fibre (fibres), 70-2 
afferent of heart and viscera, 104 
annulo-spiial, 723 
antidromic, 10 1 
association of cerebrum, 654 
of spinal cord, 629 
association, development of, 717-18 
axis cylinder, 70 
boutons (plods termmaux), 74 
cardiac-acceleiator, 98 
chronaxio, 27 

commissural of cerebrum, 654 

cortico-pontine, 687 

course of, in spinal cord, 624 et sei/ 

definition of, 70 

degeneration, 77-8 

endogenous and exogenous of cord, 659 
fronto-cerebollar, 040 
funiculi, 71 
growth of new, 79-80 
internal arcuate, 636 
medullary sheath, 70 
medullated, white, 70 
of autonomic system, 96 
moss, of Cajal, 045 
motor end-plates, 72 
motor to sympathetic, 96 
nicotine on, 98-100 
nodes of Ranvier, 70 
non-inedullated, 70, 72 
of abdomen, 98 

of auriculo- ventricular bundle, 138 
of blood-vessels, 98 
ot Cajal. 645 

of cerebral cortex, 655 et seq. 

of cord, myolination of, 659 et seq 

of pace-maker, 138 

of parasympathetic, 100-2 

of posterior roots, 71 

of spinal roots, 670 

of sympathetic, 95 sqq. 

olfactory, 795 

optic, 817-8 

lielvic, 98, 655 

posterior longitudinal bundle, 638 
posterior root, boutons of, 74 
postganglionic, 98, 100, 101 
preganglionic, 98, 100 


Nerve. 

Nerve —continued 

flbie, primitive sheath (neurolemma), 70 
projection of cerebrum, G64-6 
pyramidal, G6-7, 707 
regeneration, 79-80 
sacral, 101-2 
8e[>tomarginal, 627 
size of, 71 
sinnal, 101 
spmo-tectal, 629 
splanchnic, 98-9 
sustentacular, of Muller, 818 
thoracic, 98 

uncrosseil cerebro-spinal, 626 
vasoconstrictor, 101, 100-2, 194 
vasodilator, 101, 194 

velocity of nerve impulse in diflorontiated 
groups, 85 

ventral longitudinal bundle, 640 
visceral, 98 

Wallerian degeneration, 77 
functions of, 77 

glosso-pharyngeal (9tb cranial), 632 
course of, 101 
Impulse.s to medulla, 186 
supply to carotid body and sums, 264 n 
hypogastric, 96, 100 
tuuction in micturition, 655 
hypoglossal (12fcli cranial), 638-4 
impulse, 80 et seq , 782-4 
attereut, sympatlietic relationship to, 104 
and natuio of pain, 734 
at synapse, 73, 82 
conduction of, 80 sgip 
<lopressor, 189 
direction of, 85-7 
<luring exercise, 196 et seq 
fioipieiicy and direction, 732 
humoral transmission of, 83-4 
inhibitory, and control of blood dei'ots, 218 
nature of, 80-2 
on muscle contraction, 18 
refiaetory period, 81 
stimulation on, 83 

tactile discrimination, localisation, and 
sensibility, 742 
to blood-vessels, 194 
to involuntary museulatuie, 06 
\elocity of, 81, 85 
vital activity in, 81 
m deglutition, 493 
in sweat secretion, 602 
inhibition, 8.3 
katelectrotonus, 88 
metabolism in, 82 
mixed, 193, 618 

blocking of tibres, Hi 
degeneration in, 194 
stimnLition of, 194 

motor, blocking of, in mixed neive, SI 
111 decorebrati* ngnlity, 082 
section of, 77 
stimulation, 77 
subnoimal phase of, 69S 
terminations in muscle, 72 
neurone, 66, 68, 95 
nodes of Ranvier, 70 
nutrition, impairment of, 88 
oculo-motor (8rd cranial), 632 
parasympathetic fibres, 100 
of arteries, IIS 

olfactory (1st cranial), 682, 795 
optic, 682 

paralysis of, on pupil, 837 
stimulation of, on pupil, 887 
parasympathetic (anabolic), 96, 100-2 

2 II 
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N ervo— continued 

paths connected with vision, 852 et seq. 
pelvic (nervi erigentea), 101 
period of after-potential, 811 
I)erij)heral, aubnormal phase of, 695, 696 
phrenic, 234, 771 
physiology of, 77-92 
pilo-motor, 600 
jdexus, situation of, 100 
plexus of Auerbach, 102, 430, 502 
of Meissner, 102, 480, 602 
pudendal, 203 
refractory period, 27 
Hitter-Valli Law, 77 
-roots, degeneration of, 622-3 
of spinal cord, 620-1 rf seq. 
sacral, 100, 101, 501 
sciatic, section of, 194 
s(>at of fatigue, 91 
secretory, of eye, 814 
section of, 77 
on cajiillaries, 222 
on tiijile ri'spunse of shin, 205 
rheobaso and cdironaxie, 27 
sensoiy, blocking of, in mixed nerve, 81 
cerebral, 040 
section of, 77 
stimulation of, 77 
somatic, and acetyl-chnline, 84 
spinal, 96, 101 
ftinction of routs, 670-2 
motor and sensory roots, 671 
spinal-accessory (11th cranial), 633 
course of, 101 
splanchnic, 100, 191 

in nerve muscle picparations, 59 
siilenic, section ami stimulation on spleen, 210-11 
sterols of, 805 
stimulation, 77, 83 
on respiration, 270-1 
stmctme of, 71-2 

superior laryngeal, stimulation of, on respira- 
tion, 271 

supply, on skin colour, 204 
to ])arotid gland, 441-5 
to sublingual gland, 444 
to submaxillafy gland, 443-4 
sympathetic (katabolic), course of distribution 
of, 95 et seq. 
function of, 102-4 
111 brain and spinal cord, 95-6 
of arteries, 113 

rilation to jiiuasym pathetic, 102, 101 
synapse, <i v 
system, 1, 66-78 

structure and function of, 65-8 
tissue, chemistry of, 78-9 
cholesterol of, 806 
Iqiidcs in, 807 
to bladder, 555 

trigeminal (5tb cranial), 101, 682 
trochlear (4th cranial), 682 
uufatiguability of, 88, 91 
vagus (10th cranial), 101 , 632 
in nerve muscle preparations, 59 
on respiration, 2o5-70 
on the circulation, 1S2-7 
vasoconstrictor, 100, 190-2 
vasodilator, 101, 193-5 
to penis, 198 
vestibular, 691 
visceral, 71, 98 
Wallerian degeneration of, 77 
Nerve-muscle preparation, 31 
fatigne m, 89-90 
of involuntary muscle, 69 


NUCI.RL’S 

Nervus erigona (pelvic nerve), 101, 193, 555 
Neurogenic theory of lieart-boat, 135 
Neuroglia, 73 
of cerebral coite\, 655 
of grey matter of cord, 620 
of white matter, 621 
Neurokeratin, 810 
of medullary sheath, 70 
Neurolernma, 70 

function in regeneration of nerve- fibre, 80 
ramification with sarcolcmma, 72 
Neurone, definition and structure of, 66 
development of, 68 
of autonomic path, 95 
Nicotine, method, 98 
on heart-rate, 188 
on nerve, 98-100 

on pendulum movements of intostiiie, 498 
on sino-auricular junction in frog, 184 
on sweat secietioii, 603 
on sympathetic and parasympathetic, 104 
Night blindness, 841 
Nipple, liistology of, 422 
Nissl's granules, 69, 761 
Nitric oxide lupinoglobm, 372 
Nitrogen constituent of proteins, 807 
eiiuilibrmm, inaintonance of, 608, 631 
eiiuilibiium, dining starvation, 631 
excretion, 608 
during starvation, 581 
m fieces, 480 

of atmosphere, alveolar, and expired air, 
288 

of blood, during alisorptioii of food, 478 
of blood-plasma, 863 
ofuniie, estimation, 677 
supply m food, 408 
Nocifeiisoi Hystem, 747 
Nodal point, 823 

Node (nodes), inter-, definition, 70 
of Ranvier, 70 

sino-auricular (pace-maker), 187 
ventricular of Twara, 188 
Normoblasts, 869 

Nuclein (chromatin), of cell nuclei, 811 
composition, 3 
of spermatozoa, 811 
of white corpuscles, 865 
Nucloo-proteuis, 811 
metabolism of, 526-8 
of muscle-plasma, 55 
of nerve-tissue, 79 
Nucleolus, 8 

Nucleotides, of plasma, 585 
Nucleus (nuclei), accessory auditory, S04 
ambiguous, 036 
caudate, 650 
combined, 684 
cuneatus, 636 et seq. 
dentate, 686 

descending vestibular, 689 
embolipour, 643 
globosus, 643 
gracilis, 636 et seq. 
lateral, 635 
lateral fillet, 639-40 
lentiform, 660 
motor, 634 
of Ilechterew, 689 
of cardio-muscle fibre, 18 
of cell, 2, 3 

of crystalline lens, 817 
of Deiters, 687-8, 689 
of muscle-flbre, 14 
of plain muscle, 1 9 
of the trapezium, 687 
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Nuci.kus. 

Niiclous —CO?! tinved 
pontis, 637 
posterior, 636 et seq. 
posterior column, 636 
principal, 689 
sensory, 634 
superior olivary, 687 
Nutrition, of foetus, 905, 908 
Nystagmus, 692, 694 


o. 

OOdi, sphinotor of, 542 
Odontoblasts, 489 
(Kdema, causes of, 177, 334 
Fischer's theory ot, 223 
OiTsted, discoverer of electro-magnetism, 44-5 
Olsophagus, innervation of, 101 
(Kstriii, 896 
function, 898 
(I'Ntriol, 896 
(Mstradiol, 896 
(Mstrogens, 896, 898 
CFstrogenic siibstanees from testis, 895 
tEstiono, 896 
(Kstrus, 896 et , 899 
Oils, m peristalsis, 494 
Olein, 804 

Olivary bodies (olives), 631 
section of bulb tbrougb, 631 
Oocyte (ovum), 887, 891-2 
Oogenesis, 890-1, 

Oogonia, 891 
Ophthalmoscope, 842-4 
Opistliotonus, 411 
Opium, on linpil, 837 
t)])Somns, 878 

Ora serrata (retina), 817, 821 
Orbiculaiis, 813 
Organ o1 Corti, 803 
Organ, physical, dolhutiou, 1 
Ornithiiio (diamino-valeric acid), 3lS, 576 
foiniatioii of, 524 
Osa?!one(s), foimation of, 802 
Oscillograph, the Cathoilo Ray, 45, 85 
O.sniosis, donnition, 328 
importanoo of in secretion, 486-8 
in lymph formation, 221 
in the body, 331, 682 
in the intestine, 475, 481-2 
Osmotic interchanges through blood-vessd walls, 
221 

Osmotic pressure, 828-9 
calculation of, 329 

determination by froezing-])oint, 829-30 
natuto of, 880-1 
of crystalloids, 833 
ofpiotoiris, 883-4 
on lymph How, 222-8 
on urine, 550 
a7id hcr Pressure 
Ossein, protein of bone, 809 
Ossicles, 806 
function of, 818 

Ossification, chemistry of, 920-7 
healing of fractures, 927 
111 cartilage, 923-5 
in membrane, 921-3 
Osteitis, 927 

Osteoblasts, 921, 922, 924 
Osteoclasts, 922, 924 
Osteogenic tuft, 922 
Otolithic cavities, function of, 088-9 
Otoliths, 688 


0\ VOKN. 

Ovary (ovaries), 886 et seq , 895 et seq. 
comb-growth substances of, 895 
extiacts of, 891) 
giafteil on males, 895 
involuntaiy iniisclo of, 18 
cestiin-prodiiciiig hormoin', 874 
relation of pituitary to, 872, S99 900 
rcnioral, 900 

Over-vcntilation, on consciousness, 758-9 
on arterial COj, 258 
on dccerehrato rigidity, 682 
on reflex aics, 675 
Oviducts, plain muscle of, 18 
Ovulation, 899 
Ovo-mucoid, 811 
Ovum (ova), fertilised, 900-1 
Oxalate, on blood clotting, 350 
Oxidases, 340 

Oxidation, coefficient of, 285 
definition, 287 
mechanism of, 286-7 
of blood, rate of, 255 
of primary alcohols, 297 
])ar.alyscd by IlCN and CO, 27 
Oxygen, alveolar, at sea-level and altitudes, 
291 

•ami luernoglobin, 871 
and jdacenta, 905 
and reflex arcs, 675 
and vitamin 111, 411 

capacity and content of blood sample, 249 
earners, theory of, 287 
coefficient of solubility, 247 
constituent of proteins, 807 
consumption, 929 
debt, 288-9 

in muscle contraction, 62 
es-^onti.il for food absorption, 482 
excess, efiects of, 293 
high pressure and pneumonia, 292 
111 arterial blood, 929 
III carhon-rnonoxide poisoning, 293 
III conscious states, 757-8 
III decerebrate rigulity, 682 
in kidney function, 550 
in tissue iiutiition, 165 
in tissue respiration, 284 
III venous blood, 149, 929 
in vital activity, 652 
intake, per minute, 288 
measurement in air samples, 243 
mocliamsm for exchange in lung, 260-2 
need for, in fietal life, 270 1 
ofalv'oolar, atmospheric, and expiied air, 238, 240 
of blood-plasma, 863 
of bronchial air, 238-9 
of foital blood, 908 
on amrcboid movement, 10 
on Choyne-ytukes’ respiration, 272 
on ciliary movement, 10 
on muscle contraction, 50-1 
on nerve impulse, 82 
oil peimeability of capillaries, 177 
passage from alveolar air to blood, 261 
from plasma to tissue, 284 
percentage iii alveolar air, 241 
in expired air, 242-3 
in inspireii and expired air, 288 
Iiressuro in alveoli, 254 

in alveolar air during rest and work, 261 
m glandular structures, 285 
tension in blood, 261 
in fluids, 251 
in muscle, 284 
in resting tissue, 284 
transport m blood, 253 
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Oxvr.EN I 

Oxygen—ronUnued 

volume and pressure in arloriea, lungs, ami 
veins, 202 i 

-want, CG3 1 

during severe liaemorrhage, 200 i 

general, 2S9-92 

in asphyxia, 187 i 

in Cheyn e-Stokes’ respiration, 272 j 

in dropsy, 222 

111 exercise, 187, 197 

local, 289 

on blood-corpuscles, 857 
on coronary circulation, 201 
on heart-rate, 187 
on nei ve Impulsi', 81 
on reflexes, 075 
on respiration, 204, 208 
on sympathetic and vagus, 197 
Oxyluematin, 807 

Oxyhicinoglobin, 254 e( seq , 258, 8')()-7, 809, 371 
definition, 254 

formation in lungs, 259 i 

in tissue resjiiration, 288-4 
Oxyntic (parietal) cells, 449 i 

Oxytocin, 874, 898 | 


J’accliionian bodies, oiil 
P.vco-makcr (siiio-auricular node), 187, 179 
factors influencing, 179 
vagus on, 184 

Pacinian bodies, and touch, 712 
Pacinian (touch) corpuscles, 721 
Pam, conditioned, 74(5 
difl’uae, 724 
nature of, 734 
on nervi* conduction, 81-2 
distiiiguislicd Irom hyjicralgcsia, 747 
on pupil, 887 
rcfcricd, 740 
spots, 725-6 

Pallor, 111 hicmonhage, 200 
Pal mi tin, 804 
Pancreas, 401 
adaptation of, 400 
and fat ahsoiption, 481 
and hypcrglyciemia, 516-17 
innervation of, 101 
internal .si'crotion See Insulin 
juice, bacterial action in, 484-5 
composition and action of, 402 el seq. 
excess of fat in fiuccs, 487 
HUccus eiitoiiciis on activation, 466 
loss during starvation, 681 
relation to carbobydiato metabolism, 511-1 4 
secretion, adaptation to food, 405-6 
bile on, 465 
mechanism of, 464-6 
htimnlation of, 465 
two secretions of, 801 
Papillic, lingual, 7S9 
of kidney pyramid, 546 
Para-liydroxyphenyl alanine (tyrosine, q.v ) 
Paralysis, crossed, 768 
eflbct in rigor mortis, 55 
from loss of jianctal aiea 714 
in ceiebral lucmoi rliage, 709 
infantile (anterior poliomyelitis), absence of 
reflexes, 678-9 
spastic, 775 
Para-mncln, 811 
Paramyosinogen, of muscle, 809 
of muscle-plasma, 55 
Parasites, destroyed by cooking, 426 


PEniSTAI.SIS. 

Parasympathetic (anabolic) (cranio-sacral auto- 
nomic) nervous system, 95, 183 
and light reflex, 854 
diugs on, 104-5, 187-8 
function ill alimentary canal, 501-1 
importance of vagus, 184 
111 exercise, 102 
on alimeutaiy canal, 103 
on heart, 102 
on insulin secretion, 513 
on internal anal sphincter, 601 
on secretion, 438 
lelatioii to sympathetic, 102, 104 
to submaxillary gland, 443 
velocity of nerve impulses in, 65 
Parathyroid glands, 583-5 
Pars cilians rotnue, 821 
Pars intermedia (pituitary), 809-70 
Pais nervosa (pituitary), 875 
Pars tuberalis (pituitary), 870 
Parthonogenosis, 892 
I’arturition, 908-10 
Pathogenic organism, 877 
Pavlov, inhibition theory of sleep, 708 
pouch, 463 

for uivostigating gastric juice, 452 
work on salivary secretion, 445 
Pectorales, function in forced inspiration, 
285 

Peduncles, of cerebellum, 681, 646, 093 
Pellagra, 411-12, 480 
I’elvis, innervation of, 100 
of ureter, 545 

Pendulum movements in small intestine, 493-4 
Penis, 884 

circulation in, 203-4 
vasodilatation of, 193 
Pentoses, 299 
in urine, 573, 675 
of nucleo-protem metabolism, 620 
Pejisin, and trypsin, contrasted, 463 
formation of, 840 
of gastric cell, 839 
of gastric juice, 462, 457 
jiiecipitated by bile, 4S8, 513 
proteolytic enzyme, 889 
secretion, 450, 458 ct seq 
xariation to stimulants, 458 
Pejisinogen, 340, 450 
Peptides, 320 

Peptolytic (poptoclastic) enzymes, 339 
Peptones, 814-16 

action of alcohol, ammonium sulphate, caustic 
potash, coi»per sulphate, heat, nitric acid 
on, and diflusibility of, 315 
colour reaction, 812-13 
commercial, on blood coagulation, 860 
digestion of, 467 
on bile exeietion, 642 
on lympb-tlow, 222 
Peifusion by Hyme’s cannula, 163 
experiments, 192 et seq. 

Pericardial fluid, 108, 853 
Pericardial pressure duiing respiration, 280 
I’ericardmm, 107-9, 150-1 
Penlymjili, of internal ear, 801 
of semicircular canals, 686 
Perimeter, 845 
JVniieunum, 71 
Periosteum, 918, 923 
Peripheral resistance, definition, 160 
in maintenance of blood-jiressure, 100 
Peristalsis, 493-4, 497 
in colon, 498-9 
in pancreatic secretion, 465 
in small intestine, 497 
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PKR13TAI.81S. 

Peristalsis— continued 
in stomach, 494-5 
mass, 498-9, 504 
stimulation, 436 
“ Peristaltic msh,” 497 
Peritoneum, 430 

Peroxides, formation iii auto-oxidation, 2SG-7 
Perspiration, insensiblo and sensible, CO’J 
insensible in beat regulation, 010 
unilateral, 603 
Pes (crusta), 640 
Petit, canal of (eye), 822 
Petteukofer’s reaction, 540 
Poyer’s patches, 430 
function, 484 
Pflugor’s law, 69 
Phagocytosis, 303-4, 377 
PliiMiol, excretion ot, 543 
Phenol-red, exeietion of, 553 
Phenols, 540 
Phenyl-alamne, 817 
Phenylhydrazino, reactions, 802 
test for glucose, 673 
Phlegm, 280 

Phlondzin, on renal threshold, 514 
Phlorrhizin, 480 
Phosphagen, 868 

Phosidiates, butlers of plasma, 258 
inorganic, 585 
kidney on organic, 553 
of gastric juice, 452 
of mine, 500, 609-70 
tests for, 570 
Pliosjihatidos, 807, 518 
in fat absorption, 480 
of red corpuscles, 866 
Phospholipides, 480, 585 
Phospho-proteiiis, 810, 585 
Phosphorus, 585 
absent from gliadiii, 629 
and siipraional coitex, 868 
in body, 405 
in body jnocesses, 585 
in bone formation, 927 
in nerve degeneration, 79 
in ossitication, 926-7 
in rickets, 108, 410 
ui urine and li^ces, 585 
of blood, 408 
of lipins, SU7 

of nuclei proteins, 810, 811 
of pliosj)ho-pruteiiis, 310 
of plasma, coiiiU^cles, and whole blood, 355 
Pliosi)lioiylation. 477, 480 
Phrenic nerves, function, 284 
Physostigmine (eserine), 84, 837 
Pliytiii phosphorus, 585 
Pi a mater, 73, 615 

Picrotoxmo, on sweat secretion, 603 
Pieds teiminaux, 73-4 
Pigments of aeiohic uiganisnis, 287 
Pilocarpine on cerobro-.spmal lluid, 665 
on heart rate, 188 
on insulin secretion, 513 
on parasympathetic, 104 
on salivary secretion, 444 
on secretion, 438 
on stomach, 503 
on sweat secretion, 603 
on visual puride, 841 
Pineal gland, 876 
Pinna (ear), 799 

Piotrowskl’s Reaction (biuret) for proteins, 313 
for protamines, 808 
Piper’s manometer, 129 
Pitch, musical sounds, 785, 805 


I POSIUBK. 

I Pitociii, 874 
I Pitressin, 874 
I I’ltuitary, 8t9 75 
I and liyperglyca'iiiia, 513, 510 

concerned with growth, 304, 585, 776, 916 
I with kidney .secretion, 554 
I contKil ot gonails, 899-900 

development ot, 776 
dise.ise ot, 9C0 
exti.ict, .ind diuiesis, 873 
functions of, 870 et t~(</ 
lesions, 871-2 
, on body fat, 396 

on cailKihydiati' nitdaholism, 87 1 
I on n-stius, 809 

I on ovulation and lollioles, So9, 900 

I on thyroid, 39 1 

j removal, 874-5 

j standardisation ol extiact, 59 

I I’ltuitnn, 872 
! Placenta, 8b I, 90 ! 

.it full teim, 005 
tuiietions ol, 905-6 
' sinusoid.s of, 116 

stages ot de\elopm.*nl, 904-5 
1 tiaiisterenco ot inaleiials through, 90S 

iiniK' ot, 896 

PI. lilts, phospholiis ol, 585 
\ itamii' D ot, 468 
1‘lasina, blood bie Itlood jilasma 
Plasma, muscle-, coagulation, 56 
piutciiis ot, 55-6 
Plastn ity, 682 
Plethysmogiaphy, 190-2 
Pleura, function and liislology, 231-2 
Pleurisy, 225, 231-2 
Plexus, ehoion], 6o4 
Aiiorbacli's, 100, 430, 502 
and peristalsis, 494 
in control of alimoiilary canal, 50'2-S 
iMidtic, 179 
codiac, 96 
intestinal, 501 
Meissner's, 100, 430, 50'2 
in control of ahmontary canal, .502 
' ot nerve-fibres, 73 

' pelvic, 101 

luiinyelniatvd, 724 
Pneumonia, m high piessures, 292 
from ( >3 I \ces3, 263 
respiration in, 2o9 
Piieiimuthorax, 234 

Puiseuille, woik on blood-piessuie, 163 
' Polar bodies, 892 
Polaiuneter, 299 
I Poliuinyeliti.s, .intmioi, 275 
Polygraph, 144, 173 
Polyneuritis, 411 
Polypeptides, 314, 820 
colour test for, 313 
tiyp.sin of dige.stion, 403 
I’oly.sacchandes, 299, 802 et seq 
Pons, 631 

development of, 775 
1 section through, 637-8 

! Poii.s Vaiolii, 61 fa 
\ Puiphyiins, 3fa6 
I Poital cuculalioii, 111 
' Porus opticu.s (physiological pit), 843 
' Posterior roots, nervo-lihies of, 71, 103 
I Postuie, adaptation to .stimulus, 733 
I in ccrebellai ataxia, C92 
I glycosuria, 514-15 

I inaiiitenaiice of, 688-4 

I muscles couceined in, 17, 686-7 

I on heart-rate, 144 
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Posture. 

Pos tu re— COT? 1 1 nncd 
recoi)tors and redoxes, C84 et seq 
response of circulation to, 200 
Potassium chloride in ruaintcnanco of internal 
onviioniiiont, 583 
capillary r('sp<jn,se to, 175 
cldoiide of saliva, 446 
111 uriiio, 585 

III ventricular llbt illation, 142 

of plasma, coipuscles, and whole blood, 355 

on beait, 153 

Potassium htcmogl obi Date, 258 
Potassium iiidoxyl-sulphate, lormation of, 669 
Potassium phenyl -sulphate, lormation of, 5GS 
Potassium Milphocyanide o1 saliva, 110 
Precipitation, doUnition of, 813-14 
I’rccipitin, 378 

Pt ('{ pliancy, lunction of oestiin, 898 
dissociation curve in, 908 
mammary t'lands duiiiiK, 423 
suprarenal cortex in, 858 
Pu'inotoi .uea ol cerebiuni, 710-11, 771 5 
l’iemoit.il ii.se, 5S0 
Picsbyopia, 834 

Piossurc, alveolar at high altitudes, 291 
atmospheric, on hcait-ratc, 144 i 

capillary, impoitance of, 884 
ccicbral, on cardio-inhibitory mechanism, 
18(5 

(‘iidocaidiac, 129 
high, rc.spiration under, 292-8 
intia-auiK ular, 131-2 
Intra-ocular, 822 
Ultra iihmral, 286 

intia-thoiacio, in respiration, 279-81 
laws of, in llunls, 159-50 
main factor m circulation, 122-8 
negative in thorax, 128 
on coll movements, 10 
on neive conduction, 81-2 
osmotic, 828 et seq. {mid see Osmosis) 
calculation of, 829 
dolinition, 328-9 
nature of, 330-1 
of crystalloids, 333 
ot proteins, 333-4 

])liysiological aiiplications of, 331-2 
j)ai tial, 248 

peiicaidial, dming re.sjiiration, 280 
pulse, 165, 169 
systolic, 182 

systolic and diastolic, 150 
total, 218 

{mill see lllood-Pressure) 

Processus gracilis, 799 
I'rogesterone, 898 
Piolactiii, 900 
Prolino, 319 

Pioiiyl alcohol, oxidation of, 804 
secondary, formula, 298 
Prostate, 549, 884, 895 
involuntary muscle of, 18 
Piostigmino, injection of, 84 
Protaminos, 308 
digestion of, 465, 406 
free from suljihur, SOS 
Protein (proteins), 307-21 
absoriitiou of, 476-8 
amphoteric, 457 
and kidney cxcietion, 551 
and jutuitaiy extracts, 874 
biological value ot, 531 
breakdown of, by small iiitestme, 475 
on blood, 888 

breakdown of, on lymph, 883 
chromo-, 810 


Protonks 

Protein— conlinwed 
classification, 308 
colour reactions, 812-18 
conjugated, 810-11, 866 

constant composition of in living organisms, 
529 

constitution of, 819-21 
ciystallisation of, 812 
digestion, 450-9 

by bacterial action, 484-5 
“ lust class,” 531 
foi Illation of antibodies, 476 
gluco-, 310-1 1 
beat coagulation, 812 
bydrolysis, 314-15 
byitei sensitivity to, 478 
III balanced dn‘t, 404-5 
in living cells, 2 
in lymph ch'tting, 225 
111 slimming diets, 396 
in uiine, 572 
indillusibility of, 812 
injection of, 879-80 
k.itabolism, 555 

low diet and resistance to altitudes, 292 
motabolisiii, 621-6 
in resting nerve, 82 
liver function, 588-9 
on uiine, 501 

methods of analysis, 320-1 
nece.ssity of, 401-2 
nucleo-, 811 

of bloofl-plasma and serum, 3.53-5 
as (lOo earners, 259 
ot cerobio-spinal fluid, 664 
of lymph, 224 

of milk, human and cow’s, 419 

of musele-fibro, 55 

of muscle-plasma, 66 

of nerve-ti.ssue, 78-9 

of piotoplasm, 2 

ol red corpuscles, 360 

of saliva, 444 

of vegetable foods, 425 

ot white blood-cor[>U3eles, 805 

on gastric juice, 453 

oil polaiisod light, 312 

on respiratory quotient, 288 

optimum intake, 401 

passage through gloineiular mernbiane, 551 

peioentage of body-weight, 507 

phospho-, 310 

precipitauts of, 813-14 

properties of, 812-15 

lequirements of young, 401 

sclero-, 809-10 

solubility of, 812 

sources of, 402-8 

sparers, 631 

.sjiecilic, 476 

specific dynamic action, 389, 402, 531 
substrate of pepsin, 889 
tests for, in urine, 572 
toxicity of, 476 
variotK's in muscle-plasma, 55 
Proteolysis, by gastiio juice, 460 
estimation ot, 471-2 
on gastric secretion, 464 
Proteoses, 314-15 
alcohol on, 814 
colour reaction, 318 
digestion of, 468 

formation of, in trypsin digestion, 468 
Prothrombin, 851-2 
character and composition, 854-5 
Protones, 308 
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Protoplasm. 

Protoplasm, cliomieal stnicture of, 2 
cholesterol of, 806 
content of cytoplasm, 2 
lipide contents of, 365 
nucleo-proteins of, 811 
of white blood-corpuscles, 3C6 
structure, 2 
surface tension in, 836 
Pseudoglobulin, 854 
Pseudo-muein, 811 
Psoudopodium of amoeba, 8 
Pseudo-jiregnancy, 897 
Pseudoscope, 857 
Ptyalin, 442 
an enzyme, 889, 446 
of salivary coll, 389 
I’tyalinogen, 442 
Puberty. 875, 881-2, 899 
Pulmonary (lesser) oiiculation, ill 
Pulmonary valve, 109 
Pulmoiiaiy vein, histology, 114 
Pulmonary ventilation, at high altitudes, 291 
Pulse, anacrotic, 171 
arterial, 109-72 
dicrotic wave, 170-1 
during asphyxia, 281-3 
frequency, force, rhytlim, tension, 169 
in Valsalva’s experiment, 281 
maximal pulsation, 167 
pre-dicrotic wave, 170 
-pressure, 165, 169 
primary wave, 170-1 
rate, relation to respiration rate, 240 
thyroid on, 396 
venous, 172-3 

wave, course and velocity, 170, 929 
rate of propagation, 172 
Puncta lacrimalia, 813 
Pupil, Argyll -Uobertson, 855 
contraction and dilatation, 837 
dilatation by adrenaline, 806 
by sympathetic, 103 
in sham rage, 707 
sensibility to adrenaline, 105 
Purgatives, osmosis in use of, 333 
saline, on intestines, 60 
strong, 603-4 
Punne(H), 811, 319, 529 
constitution of, 526 
metabolism, 625-8 
Purkinje, cells of, 644-5 
fibres of cardiac muscle, 18, 138 
figures of, 838, 840 
Pus, m urine, S'Td 
I’utrefaction, 837-8, 484 
Putresciiie, in urine, 676 
Pyloric glands of stomach, 449-50 
Pylorus, movements of, 494-5 
Pyramids, 686 et seq 
of the bulb, 631 
of urinary tubules, 545 
Pyridine, extracts of pituitary, 699 
Pyrimidine(s), 819, 526 
Pyiimidine-thiasole, 411 
Pyrogallic acid, in gas analysis, 243 
Pyrogallol, in micro-gas analysis, 244 
Pyrrol-blue, and placenta, 905-6 
Pyrrol ring, 817 


Q. 

Quadriurates, 566 

Quimdme, on auricular flutter, 141 


Reilex. 


R. 

Rage, Sham, 709 
Rami communicantes, 96 
Ranke’s diet, 404-5 
Ranvier, nodes of, 70 
Reabsoi ption, .selective, 551-2 
Reaction time (personal equation), 770 
velocity, 885 
Receptor groups, 876 

'■ Recovery heat,” in muscle contraction, 52-3 
Rectum, post-mortem rigidity, 61 
absorption ofiirugs tlirongh, 463 
nutiient enemat.i, 1S3 
Red nucleus, 775 
Reduced lia-moglobm, 254 
Reductases, 840 

Ridlex (relloxe.s), abdominal, 702 
absence of, 678-9 
after-discharge, 676 
alteration m character of, 679 
ankle-douua, 677 
anklo-jerk, 677, 678 
aoitic depressor, 218 
aic, 672-4 

properties and characteristics, 074-6 
structuie and luiictiou of, 67 8 
axon-, 645, 672 
Hahinski’s sign, 680 
Bainbndge’s right auricular, 197 
in resiiiration, 280 
body righting, origins in skin, 684 
capacity, 195 
caidio-iiihibitory, 185-7 

narcotics and chluiofoim on, 188 
classihcation, 671-2 
common path, 695-7 
conditioned, C99-702 
analyser, 700 
coincidence in time, 701 
external iidiibition, 700 
extirpation of sensoiy aica on, 713 
liabits, 702 

internal inlnbition, 701 
lo.sa or extinction, 6*19-700 
of uiino letontion, 557 
sleep, 701 

conduction, irreversibility of, 075 

conjunctival, 854 

convorgonco, 695-7 

cough, 278 

cremasteric, 702 

crossed extension, 683, 697 

definition, 069 

dependence on oxygini, 075 

depressor, 192-3, 213 

epigastric, 702 

essential elements, 775 

exaggeration, 079 

facilitiitiou, 674 

fatigue, 674 

flexion withdrawal, 672 
flexor, 675 

fiom carotid sinus, 213 
gastro-colic, 4')9 
gastro Ileal, 499 
gluteal, 702 

Heriiig-Brouer, 266 et seq. 
higher centres on, 679 
in decerebrate animal, 081-2 
in local sweating, 611 
inhibition, 675 G 
knee-jeik, 677-8 
labyrinthine, righting, 689 
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llLILtX 

Rellcx — continued 
loiigtlioning reactHjii.s, tjS2 
light (oyo), 854-5 
local sign, 676 
loss of, 678-‘.i 
Lovcii, 196 
Marey’a Law, 186 
nature of response, 676 
neck righting, 685 
optical righting, 685 
plantar, 67‘i-80 
Iiostiiral, 6S0-:j, 775 
pressor, 189 
psycho-galvanic, 198 
rebounil, 676 

relation to muscle tone, (iSO 
righting, 683 
scratch-, 676, 696-7 
section of cor<l on, 772-3 
.shortening reaction, 681-2 
sjnrial, 501 , 672-4 
absence of, 678-9 
recovery fiom fatigue, 674 
spread, 07.5 

stretch, in posture, 080 
(myotatic), 076-7 
supertlcial, 702 
tendon, 676-80 
tendon organs, 636 
thrust (flexor plantar), 676, t)7't-80 
time, reduced, 674 
tonic labyrinthine, 680 
tonic neck, 688, 685 
vag.al, 195 

vasodilator, 193, 195, 210 
visceral, 680 
walking, 682 

withdrawal (extensor jilantar), 679 
Refractory period (absolute) in nei ve, 8 1 , 8.1 
Refractory jioriod, of heart muscle, 189 
in aunculai llutter, 140 
Refractory phase of muscle and nerve, 27 
Regeneration of nerve-fibre, 79-80 
Rebfnss, fractional method of(gastiic secretion), 
452 

Roll, Island of, 653, 657 
Rein’s theimostiomubi, 192 
Reissner, membrane o1, .807 
Relaxation, atXer rigor mortis, 51 
in muscle contr.iction, 38 
nature of, 43 
in tetanus, 37 
period in contracture, 89 
Relays of C N IS , 67 
Romak, ganglion of, 184 
Renal circulation, 111 
Renal threshold, 514 

Rennet (rennin), a coagiilative en/.yme, 310 
of gastric juice, 457 
Reproduction, 882-910 
and heredity, 910-12 
and oxygon lack, 41 1 
female organs of, 885-90 
male organs of, 882-5 
Mendel’s theory, 910-12 
liower of, m all living organisms, 7 
relation of pituitary to oigans of, 872 ct seq. 
Reserve air, 233 
Residual air, 288, 239, 803 
Respiration, 280 ct .seq 
abdominal, of young children, 235 
adionaliiie on, 864 
alveolar ventilation, 289 
and H-ion concentiation of blood, 590-2 
of urme, 660 
apiioustic, 202 


Rkspiratoky S^.stem. 

Rfsim atio n — con f inued 
artrhcial, 273-5 
rnechaniral (iron lung), 276 
at lugli pressures, 292 
breaking-point, 206, 271 
cause and regulation of, 262 ct scq. 
choraical control of, 263-5 
Cheyne-Stokos, 272 
COo the specilic .stimulus of, 205 
compan.sons at sea-level and high altitudes 291 
“ dead space," 233 
deep and shallow, 239 
essential nature of, 270 
exorcise on, 197 
external, 283 
fo Ul, 908 

function of placenta, 905 
gasping, 262 
luernorrhage on, 200 
higher centres on, 270 
in heat regulation, 609 
increase during exercise, 62, 206 
inferior costal of men, 235 
inhibition of, 267, 271 
inspiration, the first, 270-1 
intern.al (tissue), 288 et se(i 
enzymes concerned in, 340 
relation to functional activity, 2S5-6 
investig.ation of iiuality of air, 240-1 
mocbanism of, 233-40 
failure of, 262 
motor aiea lor, 711 

movements of, graphic record of, 236 et srq 
negative ventilation, 267 
nervous control of, 265-71 
on blood-pressure, 280 
on circulation, 279-80 
on lympli-flow, 228-4 
on venous return, 176, 199 
positive ventilation, 207 
rate of, 239-40 
relation to heart-rate, 145 
to nutrition, 283-9 
section of coni on, 771 
shallow and rapid, 208-9 
summary of factors involved, 270 
superior costal of women, 235 
tliiougli skin, 601 
tissue t>ee Internal 
total respiratory exchange, 890 
total ventilation, 2.89, 241 
tr.acheal and bronchial, 236-7 
vagus im, 266-7 
vesicular, 236-7 
vocal cords in, 783-5 
Respiratory centre, 262-3, 775 
and hyperglyciemia, 516 
disease, 293 
exhaustion of, 269 
in dyspiuea, 290 
stimulation of, 241 
Respiratory exchange, total, 287-8 
Res[)iratory movements, gas content of blood on, 
264 

Respuatory murmur, 286 
Resjiiratory pump, I’TT, 197 
Respiratory quotient, 62, 288 
ealculation of, 242 
corrected, 288 
III exercise and rest, 62 
in metabolic investigations, 887-8 
in muscular exercise, 515 
111 staivation, 518, 630 
Itespiiatory stimulus, the .specific, 265 
Respiratory system, function of, 1 
volume of, 289 
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Rest 

Rest, activity ot vagus dm mg, 185-6 
importanoe of, 02 
oil lympli flow, 224 
on mucous membrane, 457 
Iiaiises, 02 

sympathetic drne during, 181-2 
Hestiforrn bodies, 631, 686 
Uete mucosurn (Malpighian layer), 597 
Reticulocytes, 859 

Roticulo-endotlndi.il system, 861-2, 905-6 
Retina, 814, 817-21 
blooil-vesaela of, 822 
changes in, during activity, 839-41 
cortical, 714 
electrical variations, 841 
formation ot image, 826-7 
functions of, 837-0 
layers of, 818-20 
macula lutea, 716 
structuie of dilleront parts of, 821 
vessels of, 843 
Retinitis pigmentosa, 841 
Retinoscopy, 831 
Retractor lentis, 880 
Reversibility of enzyme action, 812 
Rheobase, definition and calculation of, 27 
Rhytliniicality, m fo'tal heart, 135 
in heart, 59 

in involuntary muscle, 59-60 
in voluntary muscle, 59 yintr 
of cardiac muscle colls, 139 
of spleen, 211 
Ribo-lhivin, 112 

Ribs, movements iii rosinration, 234 
Hicin, 376 

Rickets, 408, 409, 583, 585, 927 
Right aunculai rellex .SVc Relh x 
Rigidity, 681-2, 688, 693 
Rigor, calcium, 158 
moitis, 54-5 

m involuiitaiy muscle, hi 
protein changes ui, 66 
Rima glottidis, 782 
in respiration, 237 
Ring expenment, 140-1 
Ringer’s solution, 69, 153 
Ringei-rjuck(‘’.s solution, 154 
Ritter-Valli law, 77 
Riva Rocci's sphygmometer, 167 
Roaf’s method (proteolytic activity), 471-2 
Rod fibre, 820 
granule, 820 

Rods and cones, layer of, 819-20 
function of, 889 
Rods of Corti, 803 
Rolando, lissure of, 663 
substantia gelatinosa lateralis, 635 
Rombergism, 685 

Rose’s reaction (Biuret) for proteins, 313 
for protamines, 808 

Rosenheim colour test for iiroteins, 318 
Rotliera’s test for acetone, 573 
Ronget cells, 116 
Roy’s oncometer, 191 
Ruffim, tendon organs of, 724 
Rnltini and Oolgi-Mazzoiii, corpuscles of, 721, 
726-7 

Rumination, 491 

s. 

Sac, lachrymal, 818 
Saccule, 686, 801-2 
Saline, absorption of, 482 
hypertonic, on brain volume, 202 
normal, composition of, 82 


I Secretions 

] Saline— conftnwed 

on blood-corpuscles, 856 
on muscle lontraction, 59 and note 
imrgatives, on intestines, 60 
to replace silt loss, 582 
Saliva, 441-7 

antilylic and paralytic secretion, 444 

drugs on secretion of, 4 44 

enzyme action, 839 

estimation of aelivify, 471 

histology ot glands, 488 

in diseases, 447 

in mastication, 490-1 

mechamsm of secreti jn, 445 

of dog and <Mt, 4 43 

pH of, 44<) 

salt coiieenbiation in, 437 
secretion of, 44S et set/ 
vegetable fooil on, 484 
Salivation, in “ Sham Rage, ’’ 707 
Salkowski’s reaction (cholesterol) 806 
“ Salting-out” lor protein piecipitants, 313-14 
S.ilts, absorption, by large intestine, 1S3 
essential foi giowth, 916 
importance ot, with Inemoglobin, 255 
in nuaiishment o1 fo-tus, 90S 
iiioigamo, ot [)^otop]a•^m, 2 
of muscle-fibre, 5 » 
of nerve-tissue, 79 
on heart, 1.53 
mineral, in bile, 539 
of blood-plasma, 853, 855 
of lyni[)h, 224 

of milk, Inimaii and cow’s, 410 
of saliva, 437, 4 16 
of swi'at, 603 
on blood clotting, 350 
reipiirement in diet, 405 6 
Saieh'rson’s cardiograph, 134 
Sanson's images, 828 
Santorini, cartilage of, 788 
Sa[)onitication, of fats, 305 
Saponin, on blood-corpuscles, 3i-0 
Sarcoleiiima, 310 
nature and function of, 14 
of nmscle-libres (idastin), 310 
ramilication with neurolmiima, 72 
Sarcomere, 15 

Saicoplasm, of muscle-llbre, 14-15 
of red muscle, 16 
Sarcosino (methyl glycine), 318 
from cri'atine, 564 
S-iicostyle, of muscle-fibre, 14-15 
Sarcous element, 15 
Scala mcilia (canal), 802-3 
Scala tympani, 802 
Scala vestibiili, 802 
Scarpa, ganglion of, 689 

Schafer’s method ufaitilicial respiiatioii, 274-5 
Schlemm, canal of, 817 
Scleia (sclerotic) of eyeball, 8l 4-15 
Sclero-proteins (albuminoids), 809-10 
Scotoma See “ Blind spot ” 

Scuivy and vitamin C, 4l2 
Sebum, 306, 601 
Siicoml wind, 291 

Secondary contraction (muscle), 50 
Secondary propyl alcohol, formula, 298 
Secretin, 465 
on fasting animal, 468 
stimulation of liver by, 54 1 
Secretion (secretions), 433, 435-8, 775 
gastric, 449 et sen , 454 
innervation, 101 
internal, 861 et seq. 
of bile, 539 
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Secrktions 

HvcrdUon —Clint I nurd 

of saliva, 443-4 
of skill, GO I 
of sweat, G02 
pancreatic, 464-o 
innervation, 10 1 
jisycliical, 163-4 
Jesuit of neive imimlse, 80 
Segniontation, m small intestine, 497-8 
Sella turcica, 869 
Semilunar valves, 110 
disease in, 182-3 
in filling' heart, 129 
in ventricular systole, 128 
on dicrotic wave, 171 
Sensation, 721-7 
after-sensations, 782 
analysers, 7S4 
centre of, 709 
classification of, 734 et srq. 
conditioned pain, 74(5 
cutaneous, 724-7, 744 
(loop, 744 

discriminative system of, 736 

drugs on, 737 

epicritic, 735 

latent period, 732 

local sign, 744 8 

pain, 742 

primary, of smell, 797 
piotcctivo system of, 786 
protopathic, 786 
referr('d pain, 740 
Jesuit ol nerve iiiijmlse, 80 
siginllcance, 744-0 
temperature, 742 
vibratory, 742 
visceral, 747-8 
visual, 841-2, 846-7 
Sensibility, recurrent, 671 
Sensitivity, 879 
Serine, 816 

Serous coat, of alimcuitary canal, 430 
Sertoli, cells of, 888 
Serum-albumin, 809 

cleavage products of, 819 
coagulation, 851 
bhjod- See lilood-serum 
globulin, cleavage products of, 319 
coagulation of, 351 
in blood-clot, 849 
of blood, 809 

Sex-determination chromosome, 910-12 
Se\ (iesiie, 900 
Sex hormones, 300 
Sex, on heart-rate, 144 
“ Sham ilage,” 707 
secondary characteristics, 8'i7 
Sliarpey, peiforatiiig fibres of, 920 
Sheath of lleiile, 71 
“ Shell-shock,” 767 
Shiveiing, and adrenalino, 8G7 
and heat loss, 009, 011 

exaggeiated, after removal of niotoi area, 710 
Shock, explanation and importance of, 176-7 
histamine, 196 

jii section of spinal cord, 771-2 
on skin colour, 190, 204 
Sighing, 273 

“Signal surface” (coughing and sneezing), 
278 

Smo-auncular node. Sec I’ace-maker 
Sums caroticus. See, Carotid Sinus 
Sums, of fietal heart, 124 
of frog’s heart, 136 
of Valsalva, 110 


Solitary Follicles. 

Sinusoids, 115 

of adrenal glands, 803 
of liver, 587 

Skatole (methyl indole), 817 
in protein digestion, 486 
Skeletal system, function of, 1 
Skeleton, 916 et seq. 

Skin, 597-604 

absence of liistainiiiase, 175 
adaptation to stimulus, 738 
adieiialine on vessels, 864 
allerent iieives of, 181 
blood depots, 209 
blood-vessels, in exercise, 195-7 
on exposui'O to eold, 609 
capillaries, 174, 175 
colour of, 190, 204-5 
contiol of .secretions, 554 
co-opeiation with kidney, .549 
efiect of pincliiTig, 747 
ellect of varnisliing, 004 
tliisliing, 176 
functions, 601 

in posture and eciuilibiium, 684 
hiemorrhage on, 190, 200 
loss during starvation, 581 
mottling in levers, 204 

netve impulses to vasoconstrictor centre, 189 

not supplied with liistammase, 175 

plain muscle in, 18 

response to meclianieal injury, 204-5 

sliiveiing, 61 1 

slio( k on, 190 

stiniulation of, on respiration, 271 
storage of sodium eliloiide, 582 
vasomotor changes m heat regulation, 009 
velocity of noivo impulses to, 85 
Skull, fiactuied, 186 

sympatlndic fibres to, 180 
Sleep, 701, 759-64 
duration of, 7(54 

on H-ion concentration of uiine, 6()0 
on pupil, 837 

related to tliird ventricle, 774 
Smell, 793-7 
jinmary sense of, 797 

Snake venom, on re(l blood coi]»uscles, 880 
Siieozuig, 273 
Snellen's tost typi's, 831 
Snoring, 273 
Soap (soaps), 806 
m bile, 589 

III tat absoiptioii, 480 
of blood -plasm a, 866 
of pancreatic digestion, 464 
of pancreatic juice, 461 
Sobbing, 273 

Sodium of i>lasma, corpusebss, and whole blood, 
855 

Sodium acetate, on reducing sugars, 302 
Sodium bicarbonate, in blood, 592 
function 111 blood-plasma, 267 
111 jilasma, 258 

S(jdmm chloride, constancy of, in body, 582 
dissociation of, 825 
excess loss in sweating, 406 
111 Addi.son’.s Disease, 868 
in pancreatic juice, 468 
m saliva 446, 447 
on heart, 158 
value of in food, 405 
Sodium pho.sphato in urine, 585 
"Sol,” 887 

formation in blood-clot, 852 
Soleus, red fibies, of, 17 
Solitary follicles, 480 
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Solubility. 

Solubility, coefficient of, 247 
Solution(s), afflmtioa, 882 
colloidal, 837 
gramme-molecular, 826-7 
hypertonic, 330 
liypotonic, 880 
isomotic, 880 
isotonic, 830 
Soibitol, 298, 819 

Sorensen’s metliod (ammonia in urine), 578 9 
Sound, analysis of, 808-9 
Soup, 426 

Souring of milk, 420 
Soya bran 677 
Spaces of Fontana, 817 
Spasticity, 768 
Spectroscojie, 809-70, .872 
Spectrum, 869, 847 
absorption bands, 870 
of vitamin A, 408 
Sppooli and voice, 779-86 
•listurbances in lesions of auditory aieas, 7l7 
in cerebellar disease, 698 
111 loss ol parietal area, 714 
mechanism of, 780-2 
vocal, 785-0 
Spermatids, 884 
Spermatocyte, 883-4 
Spermatogenesis, 890-1 
Spermatogonia, 888 
Spermatozoa, 884-r> 
cilia of, 9 
in urine, 607 
keejting ((iialities ol, 885 
nuclein of, 811 
protamines of, 808 
Sphere, attraction, of cell, 8 
Spherical aberration, 883 
Spherules, yolk, of ovum, 890 
Sphincter iiidis, innervation of, 100 
Sphincter ol Lntkens, 512 
Sphincter pupill®, 816 
Sphingomyelin, 807 
Spliyginograph, 169, 172 
Spliygmomoter, 167 
Spinal animal, 682 
dednition of, 672 
Spinal cord, 619-29 

antoro-latoial descending tract (of Loewenthal), 

627 

antero-lateral tract, 628 

ascending tracts in, 627-9 

association libres in, 629 

association tracts, tunctioiis of, 670 

central canal, 620 

ci'iitres for visceral retlexes, 680 

COg on, 264 

comma tract, 627 

course of iierve-hbres m, 624-5 

crossed pyramidal tiact, 626 

descending tracts, 626-7 

direct cerebellar (doisal) tract (of Flochsig), 

628 

ellects of section, 771-2 
in neck, 651 
in thoracic region, 624 
effects of stimulation, 551 
after section, 661 
epithelial cells of, 78 
functions of, 669 et seg , 775 
funiculus cuneatus (column of Buidach), 627-8 
tumculus gracilis (column of Goll), 627 
horaisection, 778 
injury to, 771-3 
Ijissauer’s tract, 629 
loss during starvation, 581 


Stimulation. 

Spinal cord— 

median triangular bundle, 627 

multipolar cells of, 69 

olivo-spinal tract (Bundle of Helweg), 627 

oval bundle, 627 

reflex centre, 670 

rubro-spmal (pre-pyramidal) tract, 627 
sensations, grouping in, 741 
spmo-thalamic tract, 629 
uncrossed pyramidal tract, 626 
vasoconstrictor, subsidiary centres in, 189 
ventral spino-cerebellar tiact (indirect tract ol 
Gowers), 628 

ve.stibulo-spinal tract, 627 
Spirometer, 2S0-7 
Splanchnic area, 191, 210 
Spleen, 209-18 

activity during hiemorrliage, 200 
constriction of, on blood volume and count, 212 
under emotional .stress, 199 
control of, as a blood deput, 213 
ellorent path from, 210-14 
tmtal, 359 
functions of, 212-18 
innervation of, 100 
loss during starvation, 531 
plain niiLscles of, 18 
-pulp, definition, 209 
red corpuscles in, 361 
relation to rod corpuscle (h velupinoiit, 359 
sinusoids of, 115 
storehouse of blood, 210-11 
vasomotor cliangcs on, 191 
Si>ongioplasm, 2 
in amuiboid movement, 7 
ill muscular movement, 16 
of pseudopodmin, 8 
“Spot, blind,” 887-8 
white (optic disc), 817 
yellow. 817, 818, 843 
Sjuue, 480 

Staircase, in cardiac musch', 139 
in muscle contiaction, 35 
Stamina, 402 
Stannius experiment, 137 
heart, 189 
Stapedius, 800, 807 
Stapes, 800 
Starch, 299, 802 

absorption by small intestine, 475 
digestion of, 884-5 
lieat pro<luced by, 884 
malt diastase on, 801 
of Hour, 424 
rate of digestion, 471 
salivary digestion of, 446 
substrate of ptyalin, 889 
Starling’s Law of the Heart, 148 
Starvation, 515, 527-8 
on blood fat, 518 
on fa'ces, 487 
on liver glj cogen, 610 
Stearin, 804 
Stercobilin, 640 
Stereoscojie, 866 

Sternocleidomastoid, in forced inspiration, 235 
Sterols, the, 305-7,410, 481, 540, 896, 893 
Stethograpli, 286 
Stimulants, on gastric juice, 458 
Stimulation, 23-7 

by slowly interrupted shocks, 191 
conditioned sensory, 198 
ellects of, 83 

mechanical, of mixed nerve, 194 
of cortex, 718 
of hypothalamus, 774 



972 


INDEX 


BllVlULAlION 

Stirnul'itioii - continued 
of motor aroa, 70'* 
of symp.itliptic Hbios, 180 
of third inuvo on pupil, 837 
of vasodilator coiitie, 193 
sensory, and hyperglyciemia, f>lG 
on blood vi'ssels, 1S2 
on denervated kidneys, 551 
on kidney secretion, 654 
on nerve activity, 82, 103-4 
on vagus section, 208 

Stimulus (stimuli), absolute threshold of, 731 
adaptation to, 733 
chemical, in respiration, 2o3-5 
on involuntary muscle, 59-60 
conditioned and unconditioneii, 69'J 
definition, 10, 23 
ditlerential threshold, 731 
effect of many successive, 85-6, (>74 
of two successive, 34-5 
elfectivo for viscera, 104 
electrical, 24-G 

on involuntary muscle, 59-(>0 
lirninal value of, 781 
maximal and minimal, 84 
nervous, in body, 23 
on diastole and systole, 139-40 
propagation without loss, 23 
leaction time (persciiial equation), 770-1 
rhythmical, from brain, 2o9 
specilic respiratory, 265 
strength o1, in muscle contraction, 34 
strength of, for tetanus, 87 
hubminimal, 84 note 
summation, 35, 675 
varieties of, 28 

Stomach, absoiption of lood in, 475 
action of saliva in, 447 
digestion in, 449-68 
during vomiting, 496 
extracts of, in pernicious an.i iiiia, SnO 
functions, 449 
hunger jiains, 748 
in nerve-rnusclo i»rcpaiatioiis, 59 
iiuiervatioii of, 101 
movements, 494-6 
{)ost-morteiii rigidity of, Ol 
Stomata, function ot, 218 
Stratum grauulosuni, 597 
Stratum lucidurn, 597 
Stictching, on involuntary muscle, OO 
Stnic acouslictc, 805 
Stroma of ovary, 886 
Strychnine, and inhibition, o'.*S 
on coitex, 713-14 
on sweat secietion, 603 
on ih.ilaraiis, 744 
Sublingual ganglion, 101 
Submucous coat, of alimentary canal, 430 
Snbnoimal phase, ti 06 , 696 
Substantia gelatmosa, 020, 635 
Substantia nigra, 640, 776 
Substrate, delmition, 839 
of enzyme action, 889 
Succus oiitencus, 463, 466 9 
Sncrase (invortase), 408 
Sucrose (cane-sugar), 2'99, SOO-1, 302 
absorption of, 476 
hydrolysis ol, 889 
inveitase on, 839 

Sudan III, reaction with acrylic acids, 304 
Sudonllcs, 603 
Sullocation, 278 
Sugar (sugars), 298 tt stq. 
absoijition, 475, 477 
blood-, average quantity of, 929 


S\MFATiiKric Nervous S^aii ii 

Su —continu ed 

eltect of injection of, 222 
heat produced by, 884 
importance of, for musculai energy, 15 
in saliva, 4 17 
in urine, 672 
estimation of, 579 
injection ol, on hunger, 748 
inversion by gastric juice, 457 
lymphagoguo, 222 
«)t blood-plasma, 855 
of (lour, 424 

tbieshoM substance in kidney, 552 
tolerance, normal , 614 
utilisation of, 510-11 
Sulci See Fissures 
Sulphates, of urine, 568 
Sulphnles, on <oloui of f.ecos, 487 
Suljdiur, constituent of protein, 307 
excretion in sweat, 603 
necessary for oxniation, 405 
neutral, of endogenous metabolism, 523 
of blood, 355 
of whole ceieals, 569 

Siiliihuiic acid, on cholesterol ciystals, 306 
Summation, of elfec's (muscle contraction), 81-5 
of stimuli (muscle contraction), 35 
Sunlight, 408 

Superoxnles of oxidation, 287 
Superposition (summation) of eflccts in muscle 
contraction, 34-5 
Supplemental air, 288, 803 
Suprarenal cortex, 8n8 
Suprarenal glands, 868 
<lev(‘lopment of medulla, 103 
sujiplied with blood from anothei animal, 
867 

{See also Adrenals) 

Surface tension, 836 
Swallowing See Deglutition 
Sweat, 602-4 
composition, 603 
formation of, v25 
III exeicise, 198 
in pHychogalvdiiic leliex, 198 
in uramna, 604 

pathological conditions of, 608-4 
secretion and sympathetic, 9u, 103, 582, 602-3 
Sweating, 609-10 
excessive, 406, 582 
local. Oil 

neivous control, 774 
on osm(*tic [in ssurc, 650 
on tissue fluids, 225 
Sylvius, aqueduct of, 038, 658 
Syme’s cannula, perfusion by, 152-3 
Sympathetic nervous system, 95 et seq , 179 
and mass poiislalsis, 504 
caidiac blanches, 179-bO 
drugs on, 104 5, 188 
duimg asphyxia, 283 
elfcct of removal, 104 
factors influencing activity, 181-2 
functions of, 102 sqq. 
in control ol circulation, 179 et seq. 
on alimentary canal, 438, 501-2 
on blood iiotasBium, 583 
on bloofl vessels, 108 
on cerebral circulation, 201-8 
on dilated, colon, 504 
oil glucose mobilisation, 515-16 
on hoait rate, 179 et aeq. 
on micturition, 555 
on pupil, 837 
on secretion, 438 

reinforcement in exercise, 102, 196-9 
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Sympathetic Nskvous System, j 

Sympathetic nervous system — continued j 

relationship to alFererit imimlses, 104 
to arteries, 113 I 

to parasympathetic, 102, 104 i 

to submaxillary gland, 443-4 ! 

to vagus, 186-7 ' 

Sjmpathin, 84 i 

Synapse (arterisatioii), definition, 65 j 

111 nerve-crossing expeiimeiits, 87 
nerve impulse at, 73 4, 86 I 

nicotine on, 100, 105 I 

of autonomic, 05 | 

of sympathetic, 98 I 

properties of, 78 j 

resistance in reflex arcs, 674 
sensitivity to Oo-want, o75 
structure and function, 65 
Syncytium, 18, 13U 
Syiingomyidia, sensory paths in, 742 
Systemic (greater) circulation. .SVc Circulation 
Systole (contraction), auricular and ventiicular, 
127-8 

coronary circulation during, 201 
ejection phase, 180 
extra, during ihastole, 140 
heart-sound in, 132-3 
isometric phase, ISO 
systolic jilateau, 180, 171 
systolic pressure, 167-0 

measurement of, 166-7 I 

relation to elasticity ol blood-vessels, 205 I 
time of auricular and ventricular, 180 \ 


d’.ichypinea, 26'i 
Talbot’s Law, 842 
'J’apotum lucidum, 842 
Taibus, 818 
Taste, 789-08 
-buds, 790-91 
classification, 793 
Taiiiino, 53') 

Taurocholato in bile, 589 
Tears, 814 
Teeth, 489-90 
enamel of, 405 
in rickets, 408 
magnesium ot, f05 
phosplioius in foimation of, 585 
vitamin D on, 408, 414 
Tegmentum, 688 
Temperament, on heart-iate, 186 
Temperature, body-, 607-12 
and hypothahunus, 774 
regulation of, 611-12 
raised, and perspiration, 582 
shivering, 011 
during starvation, 580 
external, on body tomiierature, 608-9 
in exercise, 52-8 

nerve impulses for sensation of, 85 
of blood on heart-rate, 179 
of inspired and expireil air, 288 
on anucboid movement, 10 
on ciliary movement, 10 
on C.N S. development, 776 
on heart-rate, 186 
on involuntary muscle, GO 
on kidney secretion, 554 
on muscle contraction, 84 
on nerve impulse, 81-2, 85 


Thyroxine. 

Temperatii re continu rd 
on pace-maker, 187 

on power of h.emoglobin to give uj) 0->, 
256 

on vasodilators and vasoconstrictors, 194 
on work in muscle contraction, 42 
optimum for enzyme action, 841-2 
physiological zero, 738-4 
Tendo-mucoid, 811 
Tendon oigaiis, 686, 724 
Tension ot gases in fluids, 251 ct i>cq 
maximum, in muscle contraction, 43 
Tension surface, 886 
Tensor palati, 806 
Tensor tymiiaiu, 800, 806 
Testes, 882-3 
giaits on lemale, 896-7 
inteinal secretion, 894 5 
loss during starvation, 531 
o‘strogeni(' suhshances of, 8')5 
pituitary contiol of, !i00 
undesceiicod, and tostosteiono, S95 
TestostiTone, 895, 897 
Tetanus, alment in cardiac muscle, 189-40 
and histamine shock, ]','6 
III decerebiate rigidity, 682 
HI involuntary muscle, 60 
m red muscles, 17 
in voluiitaiy contraetion, 37 
lactic acid in, 51, 284-5 
monophasic variations in, 48 
“ negative variation" in, 47 
on aniiulo-spiial fibres, 72.1 1 
on iieive conduction, 82 
Tetany and paiathyroids, 58 4 
in alkaliemia, 694 
HI spasmodic croup, 274 
T(*trapei)ti(lcs, 820 
Thalamic animal, 682-3 
Thalamus, 709, 744 
of cerebrum, 650 
'I'lieca, externa, 887 
Hiteiiia, 887 

of Graafian follicle.s, 887 
Theme, 427 
Theobromine, 427 
Theim, 388 /ode 

Theimopile(A V HilT.s), 53-4, 82 
I liermostromulii, 192 
Thirst, 582, 749 

'Ihiiy's method for intestinal fistula, 460 
Thoma-Zeiss ha'inacytonu ter, 857-8 
Thoiacic duct, 617-18 
Thresledd substances, in kidneys, 552 
Tlirobbmg, 162 

negative pressure in, 128 
Thrombin (thrombase), 823 
formation, 351 
HI blood-clot, 850 

Thymine, decomposition pioduct of nucleic acid, 
311 

Thymol, on goitre, 393 
Thymus, 875 
Thyroid, 389-94, 776 
and suprarenal coitox, 808 
control of activity, 393-4 
extract, 396 
function. 393 
on aceto-nitnle, 892 
oil body-f.it, 896 
on glucose mobilisation, 516 
on heart lato, 179 
pituitary on, 873-4 
sinusoids, 115 

Thyroxine, 393, 401, 406, 528, 529 
on blood formation, 360 
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Timbkb of Mi'sic'al Sound. 

Timbro of musical sound, 785, 805 
Tissue (tissues) culture, 016 
COj and ()u in, 202 
extiacts, on bile, 541-2 
lluid, renewal of, 224 (and sec Lymph) 
m maiiitenanco of blood volume, 224 
resjiiration, 284-7 

relation to functional activity, 2S5-6 
sjiaces, reseivou function of, 226 
volume and pressure of COo and O^. in, 202 
Tongue, 780 
Tonometer, 251 
Tonus, 680 et seq. 

of involuntary muscle, 60, 61 
Tooth pulp, 480 

Topfer’s reagent for hydrochlotic acid, 450, 
472 

Total ventilation, 289, 241 
Touch, 742 
nerve impulses for, 85 
spots, 724-7 

TrabeculiiJ of spleen, 209 
of lymph glands, 219 
Trachea, involuntary musido of, 18 
lings of, 783 
structure, 229 
Tiaining, 292 
for high altitudes, 291 
Transportaso, 287 

Trap'-zms, in forced inspiiation, 235 

Tiemor, in cerebellar disease, 602, 003 

Tnacetin, 805 

Triiialnutin, 806 

Tripeptides, 287, 820 

Tnsteann, 806 

Trommel’s tost (sucrose), 300 
Troiihoblast, 905 

Trypsin and pepsin contrasted, 463 
a proteolytic, enzyme, 839 
lormat ion of, 340 
of pancreatic juice, 462, 463 
of succus entericus, 407 
on insulin, 612 
on proteins, 814 
Trypsiiiogen, 840 
Iroah, 468 

of succus entericus, 467 

Tryptophan (indolo-amino-piopionic acid), 817, 
528 9 

colour test for, 813 
importance of, 469, 529 

peiccntage m cleavage products of various 
proteins, 819-20 

Tubic utoriinu (Fallopian tubes), 890-1 
Tuber cinoreuin, 774 
Tubercle, acoustic, 805 
Tubercle of Rolando, 636 
Tuberculosis, on lymphocytes, 802 
Tubules, of kidney, 54b 
function of, 651-8 
of testis, 882, 884 
vital function, 650 
Tubuli urinifen, 645 
Tumours, on nerve impulse, 81 
Tunica adventitia (arteries and veins), 112, 114 
Tunica albuginea, 882 
Tunica dartos, involuntary muscle of, 18 
Tunica Ultima (arteries and veins), 114 
Tunica media (arteries and veins), 114 
Tunica vaginalis, 8S2 
Tunny fish liver oil, 408, 414 
Twara, ventricular node of, 188 
Twitch, time of, 84 
lactic acid produced in, 51 
Tympanum (middle ear), 799 ct seq. 
muscle of, 800 


I Urink. 

Tyrosine (an essential amino-acid), 817, 526, 628-9 
colour test for, 812-13 
digestion of, 485 
I impoitanco ot, 529 

I in urine, 570, 574 

of pancreatic, )uice, 403 

I peicentage in cleavage products of various 

I proteins, 319-20 

j 1 elation to thyroxine, 893 


u. 

Ulcer, gastric, 455 

Ulcer, tests for blood in f.eces, 372 

Ultima monens, 186 

Ultra-violet lays, on lod blood coipuscles, 3S0 
Uneonsc lousness, fiom e\ccs‘'ive sweating, 582 
Ungulate placenta, 004 
Ununolecular reactions, 835 
Urachus, of parturition, 909 
Uracil, decomposition product of nucleic acid, 
811 

Uiteinia, 662, 604 
Urates, 566, 57l 
m sweat, 604 
Urea, 650, 661-3, 815-16 
ammonia :urea ratio, 563-4 
and specific dynamic action ot piotein, 402 
blood-, average iiuantity, 920 
estimation, 578 
I elation to ammo-acids, 522 
breakdown by kidney, 553 
caleulition ot amount exoieted, 568 
concentration test, 562-3 
estimation, 677 
excretion of, 652 
tor blood and urine, 578 
formation, 623 
foimula, 523 
tiom aigtnine, 818 
“ Irost ” 604 
heat produced by, 885 
in bilo, 689 
111 blood-plasma, 855 
in saliva, 447 
nitiogon ratio, 929 
of ceiebro-spinal lluid, 66 1 
ol endogenous metabolism, 523 
of lymph, 225 

of protein metabolism, 885, 561 
secretion by tubules, 551-3 
Uiease, of soya bean, 577 
Urease method foi estimation of urea, 577 
Ureter (ureters), 545, 548 
involuntary muscle of, 18 
Urethra, 548-9 
circulation in, 203 
Uncase, 627 
Unna ])otus, 560 
Urine, 559-79 

alkaline, and bacteria, 660 
alkaline tide, 560 

amount of, relationship to blood-pressure, 554 

ascorbic acid exeretion, 412 

composition, 549 

constituents of, 560 

deposits, 570-2 

during exercise, 52 

during lactation, 801 

during starvation, 580 

estimations, 577-9 

formation of, 224, 225, 552 

tiom cooled kidney, 650 

guaiacum reaetion, 574 

in diabetes, 800, 616-17, 660, 604, 572, 873 
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Urink. 

Urino — co7ii7 /ntf’d 
iiifi'ctions of tract, 630 
trcatmtMit of, 5G0 
niorf^anic ctjuatitueiits of, 507 
lac-tic acid in, 52 
mictuiition, 555-7 
(7fpro}fnant wfjmcn, 89‘) 
ofstalliona, rpstTogmiic substanct's in, 806 
pathological, 672-6 
intuitaiy contiol of, 878 
Iiituitriu on chlorides, 873 
pic.ssuip III bl iddcr, 556-7 
reaction, iinpoitaiice of, 560 
ictention of, 557 
secretion, 552, 553-4 
separation lioni blood, 54 o 50 
substances excioted, 5S'. 
testosterone in, 805 
tubiiLn, 552 
Uiobilin, 540, 559 
Urochrome, 550 
Uro-eiytliim, 550, 571 
Uterine niilk, 004 
Uterus, 890 
and pyi lol-blire, 005-6 
conti action after expulsion of hetus, 60 
guiiKM-pig’s, 59 
luvoluntaiy inuselo, 18 
involution, 523, 910 
(estnn and inoviunents of, 80S 
oxytocic action, 873-4 
pituitary on, 871-2 
Iiost-inortem Mgidity, 61 
jnejMial-ion lor jn egnaiu'y, 808-'> 
ieniov.il of, on s(‘Mial d<sne, OUO 
Utricle, 686, 801-2 


V. 

Vaccination, 874 

Vhigus (vagi), (10th cranial, pneuinogastiic nerve), 
632 

aceeliuatoi nerves ol, 2t>S 
.K etyl-choline liberated by, 185 
.111(1 ]isychicil secretion, 451 
and synipatlietic activity, 182 
ccll-statioiis (Ui, 102 
ciossed with cervical symp.atln tic, 87 
('scap(', mature of, 183 
lunction of, in Bainbiidg*' rtdh'x, 197 
iinjmlses during insjination and ev|»iiation, 267 
ini[)Ulses to v.asoconstiictor ccntie, 180 
in aspliyxia, 2S3 
III ih'glutition, 493 
in severe lueniorrhage, 200 
increaseil action of, 102 
nerve supply torpancieatic secretion, 101 
on auricle and sino-auncular node, 18} 
on bronchioles, 231 
on colonic spiasm, 504 
on coronary circulation, 201 
on digestion, 776 
on gastric juice secretion, 454 
on heart, 179, 182 ci seq 
on insulin secretion, 518 
on pace-in.aker, 184 
on pancreatic secretion, 465-6 
on lespiratiun, 187, 2(7? t't seq 
reflex maintenance of activity of, IS6 
lel.ition to sympathetic, ls6-7 
restraint dunng cardiac activity, 185-6 
111 exi'icise, 107, 604 
in training, 187 
section of, in rest, 104 


V KI^S 

Vagus — continued 
stimulation of, on In'.iit, 81 
on stomach, 503 
\.ig(i symp.ithcuc trunk, 170 
Valine, 3l0 

Valsalva’s experiment, 281 
sinuses, 110 
\kilvft, aortic, 109, 110 
.auricular-ventricular, 127, 128, 120 
bicuspid (mitral), 100, 110 
effect ot leaky, 182, 151 
Eustachian, 100 
ot VMMIlS, 114-15 
pulmonary, 100, 110 
semilunar, 110 
disease m, 132-3 
luiictions ol, 120 
111 filling he.ait, 120 
of left ventricle, lO't 
of right vontiicle, 100 
on dicrotic wave*, 171 
tiicuspid, 100, no 
N.ilvul.e connu elites, 481 
Van den Bergh reaction, 641 
Nan Slyke’s apparatus (CO) in jilasnia) 

240 

method for analysis of ])ioteiiis, S20 
faeration) for ammonia m urine, 579 
Vaii't Ilollts hypothesis (osmotic jiiessuro), 
830 

Vas deferens, 882, 884 
Vas.i eflerentia, 882, 88} 

\ asa recta, 548 
Vas.a vasorum, 1 1 3 
V.ascular system, .statistics, 920 
V.isocoiistnction, .ind iiiotoi iksis, 712 
\ asocoiistrictoi ct'iitre, 188-90 
tihies, 190 ct seq 
in luL moll huge, 189 
normal stimulation of, 189 
position of, 188-90 
stuisitu it> to aib'iial iirt'ssnie, 190 
Vasodilator cento', evideiiie for, 102-3 
stimulation of, 193 
mechauiam, stimulation, 193-1 
nerves, 193-4 

relation to “ 11 ’’ substance, 84 
V.isomutoi cenlues, 193 
control ot splei'ii by, 210-11 
dependence on COo, 2t)U 
in aspliyxia, 288 

in Chej ne-Btokes’ respiiation, 272 
in f'xercise, 197 
in hiernorrliage, 200 

stimulation by alferent impulses and CO.., 
189 

Vhisomotor changes, in Cheyne-Btokes' lesjuration, 
272 

V.asomotor nervous system, 188 cl sni 
Vegetaiih'S, coiipi'T in seeds ol, 40.) 
diet, 403 

loods, constituents of, 42.5 
gieeii, constituents oi, 427 
on iiitostimal mov'emi'iits, 60 
on s.iliv.a, 484 
protein, 367 
vitamin conb'ut, 4 14 
Vein fvein.s), 113-15 
cap.icity of, 113 
definition, 107 
during aspliyxia, 282-3 
(luimg venous return, 115 
lunction of, 107, 110 
hejiatic, 585, 636-7 
histology of, 118-15 
innominate, 517 
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Work. 

V itainins— c«/i tinueif 
M b, 41‘2 
C, 3b0, m, 8C8 
I), 30o, 108-10 

and calcium absoipfcion, 405, 482, 584 
and rickets, V‘2T 
fiom cigustciol, 307 
discuvciy of, 528 
K, 413 

estimation of, 113 
lat-soliibic, bik) on, 643 
importanco fur giowtli, 916 
V, 4 12 

table of, in common foods, til 
VitclliM, 310, 423, 585 
Vitolluscs, 314 
Vocal cords, 784 
Voice, 779-80 
Voice pioductioii, 781-3 
Volfs diet, 404 

V'olliard method (chlorides in gastim juice), 
452 

Volition, 705 

Volta, work on animal electricity, 44 
Voltaic pile, 44 
Vomiting, 496-7 
central, 497 
centre, 684 
jiower of, 776 

source ot excess .salt loss, 682 
Vowels, proiUictioii of, 785-G 


Vkins 

Vein -conli lined 
inteilobular, of kidneys, 648 
of liver, 636-7 
iiitialobular, of liver, 586 
of bones, 114 
portal, to livei, 535, 586 
pulmonary, function, 111 
lenal, ligatuie of, 554 
sub-lobulai, of liver, 636-7 
umbilical of fodus, 906 
valves of, 114 

vasomotor nerve suj>ply, 190 rt s-tr/ 
volume and jiri'ssure of CO.j and Oo 
202 

Vella’s method, intestinal fi.stula, 466-7 
Ven.-e cav.c, 109 
histology, 114 
Veiiic rectie, 548 
Verne stelluliB ot kidney, 548 
Venous iiillow, on output of heart, 148-t> 
Venous obstruetioii, 289 
Venous return, 175-7 
and dropsy, 222-3 
factors varying, 222-3 
Venous system, course of, 113 
ViMitilation, 276-() 
air movi'inent in, 733 
alveolar, 239 

positive and neg.itive on lespir.ition, 2o7 
pulmonary, at high altitudes, 291 
total, 239, 241 
in exercise, 270 
Venules, on skin colour, 204 
Vermis, 636, 643 
Vertebiates, C N S of, 05 
Vesical centre, 556 
Vesiculie- seminales, 884 
plain muscle ot, 18 
Vestibule, 801 

Vibrations, course of, tlirough ear, 805 
Vmrordt, work on blood-jiressiiro, lo3 
Villi, of choiioii. 903 
arachnoidal, 664 
dolinitiou and function, 431 
in intestine, 432-8, 475, 481, 498 
Virilism, 897 

Viius(es) and placenta, 905 
of saliva, 416 

Viscera, atlcreiit libres from, 104 
cllcctivo stimuli, 104 
innervation, 98 
ot pleura, 231 
Vision, 813 et sei/ 
colour, 847-52 
held of, 845 

in lesions ot auditory area, 717 
limits ot visibility, 841 
neivous jiaths of, 852-4 
ojdic ladiations, 716 
panuranuc, 715 
range of, 830 
stereoscopic, 715 
Visual acuity, 831 
Visual judgments, 855-8 
Visual purple, 820, 839, 841 
Visual yellow, 811 
Vital action, 831-2, 477, 482 551-2 
Vital capacity, 238-9 
Vital red method. 348-9 
Vitamins, 406-14 
and human diets, 413-14 
biological value of, 581 
A, 407-8 

11, on adienalectomised animals, 868 
11 1, 410-11 
B 2 complex, 411-12 


w. 

Wagner’s hammer, 25 
Walking, 40, 41, 682 
Wallenan degeneration, 77 
investigation of tracts of C N S., 621 S77 
I Wai burg’s respiiatoo en/ynu', 287 
yellow oxidation eii/yine, 112 
Wasting, III vitamin B 1 delieiency, 411 
Water, absorption in large intestine, 475 
in stomach, 475 
in tubules, 552 
and intestinal mucosa, 481 
and lipiiis, 307 

as earner of internal infection, 4S1 
clieniistry of, 325 sqq 
content ef body, contiol ot, 774 
essential in all body piocesses, 581-2 
excretion of, 262 
on gastiic secretion, 454 
on stomach secretion, 475 
on sweat .secretion, 603 
jiercentage of body- weight, 507, 608 
reiiuiremeiit, 406 
solution of gases in, 247-S 
tiansfoience ot, m soeietion, 435 
vapour, of expircil and alveolar an, 240 
peicontage m insphed and expiied an, 288 
Water-salt balance, 868 
Weber’s law, 732 
Wheals, production of, 204-5 
Wheat, protein of, 529 
Whey, 419 

White matter (nerve-fibrcs), 621 
chemistry of, 7S-9 
of s])inal cord, (>21 
White rami conimumcantes, 96 
Wiggers’ manometer, 129-80, 16b 
Willis, ciiclo of, 201 
Wolllian body, 866 
Work, lost in muscle, 41 
muscular, controlled by sympathetic, 102 
See also Exercise 
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Worm. 


Zymookn. 


Worm, oiiPUlatory systt'ni of, l‘J3 
iicrvou.4 system of, 775 
Wnsborg caitiliiKo of, 781 


X. 

Xaiitlinip, d(!i)osit in urnio, 570 
of bloo<l-j)lasnia, 355 
of j^uaiinio iiifitabolistii, 52(5-7 
of rnusclo tishue, 55 
of paiKTPatic juico, 403 
Xaiulio-proteic reaction, 312 


Y. 

Y.iwninf', 273 
Y(>ast, 837 

enzyme action, 830 


Yeast— emit 1 nwed 
oil devil ms, 802 
on glucose, 300 
on lactose, 301 
oil sucrose, 301 
pidiliict of fennenlation, 020 
iibo tiivin of, 41 2 
Vitamin 1) of lOS 


z. 

Zein, 528 0 

cleavano pioducis of, 319 
Zmn, Zonule ol, S22 
Zona iielliicida (o\nni), S'jo 
Zona stiiata (ovum), b90 

Zymase, on nionosaccbai ides of c’lne-sngar, 301 
ol yeast cell, 339 
Zymogen, 340, 435 
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